The 


mechanical 
engineer's 
pocket-book  of 
tables, ... 


Daniel  Kinnear 
Clark 


"1 . 


I*  - 


Digitizi 


Digitized  by  Google 


I 


Digitized  by  Google 


oogle 


'4  ^  /, 


Digitized  by  Google 


THE  / 


ECHANICAL  ENGINEER'S 

POCKET-BOOK 


OF 


4  t 


A  HANDY  BOOK  OF  BJSFEBBNGE  FOB 

4 

DAILY  USE  XW^  M^Qi:^QEBa^.^  -M/cTICE 

••••  •  t  •  • 

•  • •  1 •••  •    1  • 
•••    I  •• 

.    '        •  .* • 

D.    KINNEAR  CliSK;  .-ifi  InSt.  C.  E. 

•  •  •  •  • 

HON.  MUM.  AXBSIOAK  SOCIBTY  OF  HBCBAMICAL  BMQU1SBB8 

AUTHOR  OF 

*'IUILWAy  MACHINERY;  "    "TRAMWAYS;"    "  THK  STKAM  KNGINE  ; " 
"  A  MANUAL  OF  RULES,  TABLES,  AMD  DATA,"  BTO. 


I^BW  YORK 

D.   VAN  NOBTRAND  COMPANY 

MITRRAT  AKD  27  WABBBN  8TBEBTS 
1882 


/ 


Digitized  by  Google 


THE  NEv.-  > 

PUBLIC  LIBRARY* 

B83762 

AtTOR,  LtmX  AND 

T/LDEN  FOUNDAT/ONI 
h  1^16 


•  * 


to      t  * 


'  to  •  »  • 

,  •  to  «,  «,  ^ 
-  •»     "to  »  ^ 


♦     •  • 


f 


Digitized  by  Google 


i 


PEEFACE. 


VLajstt  works  of  the  Pockex-Book  class  have  already 
)een  pablished  for  the  nse  of  professional  men  ;  bnt 

lofe  one  of  those  with  which  I  am  acquainted  has  been 
compiled  expressly  with  a  view  to  the  requirements 
)f  the  Mechanical  Engineer. 

This  PoCKBT-BooK  has  accordingly  been  prepared 
^or  the  purpose  of  shortenini^  the  calculatic-ns  and 
)ther  intricate  mental  HoperatipQS  rwhiph  are  amongst 
ihe  daily  recurring  needs^.of  ^mechanical  men.  To 
iieet  such  needs,  there  wilU  beJ  foand  ^iii  the  fol- 
owing  pages  about  350  TaWeJ^  of  res'ilts  of  calcula- 
tionst  relating  to  the  principal  branches  of  Oiecbanical 
practice,  which  have  either  been  'compilt^d  anew,  or 
uidwn  from  various  sources;  There  are,  in  addition, 
about  500  Formulae  and  Rules,  with  Data  of  general 
utility,  classified  for  ready  reference.  By  their  aid, 
many  a  weary  search  in  larger  and  more  ambitious 
hooks  may  be  dispensed  with,  and  the  labour  of 
calculation  greatly  abridged,  or  even  entirely  avoided. 

I  do  not  lay  especial  claim  in  these  pages  to  origi- 
nality, for  much  of  the  matter  of  the  book  is  necessarrty 
common  property.  I  have,  nevertheless,  contributed 
many  original  tables,  formulae,  and  data,  herein  pab- 
lished for  the  first  time.  And  with  regard  to  all  matter 
in  the  work,  I  have  spared  no  pains,  on  the  one  hand, 
10  select  such  questions  as  the  inochauical  engineer 
would  probably  most  desire  to  find  elucidated  ;  and 
on  the  other,  to  draw  my  material  from  the  best  and 
most  trustworthy  sources. 
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Vi  PREFACE. 

i 

Besides  the  usual  indispeusable  mathematical  tables, 
and  rules  for  measurement  of  surfaces  and  solids,  full 
tables  of  English  weights  and  measures,  with  French 

metric  equivalents,  are  given  ;  tables  of  French  metric 
weights  and  meiisures,  with  equivalent  English  values, 
are  also  given. 

Many  useful  tables  are  given  of  the  weights  and 
strength  of  bars,  sheets,  beams,  joists,  girders,  tubes, 
pipeSy  bolts  and  nuts,  cylinders,  nails,  chains,  and 
otner  manufactured  pieces.  For  the  strength  of  ma- 
terials, a  variety  of  experimental  evidence  is  given, 
with  many  new  formula3  and  tables.  Heat  and  iU 
applications  have  been  fully  considered  in  various 
aspects.  The  best  proportions  of  steam  engines,  simple 
and  comppund,  are  discussed  ;  together  with  pumping 
engines,;watQr  power,  and  coinpressed-air  power. 

I  am  Indebted  to  HHjt.  .H.:£^.  Kempe,  A.M.I.C.Em 
for  his  assistlcnce  iji*  the  j)r^panition  of  the  section  on 
Electrical  Engitie^riirg  l*nd  in  A^arious  sections  ac- 
knowled^erkt  w;ill  Ibe.  found  duly  made  of  my  in- 
debtedneqp  ^cc^i^^uthoritjes. 

I  am  in  hopes  Chat  tfaV variety  of  matter  here  pre- 
sented will  meet  all  reasonable  requirements  of  practi- 
cal men  in  such  a  work,  and  enable  them  to  dispense  i 
very  largely  with  exterior  aid.  ' 

At  the  same  time,  I  shall  be  glad  to  avail  myself  of 
the  hints  or  suggestions  of  mechanical  men  using  the 
book,  with  a  view  to  improve  and  to  perleot  its  con- 1 
tents ;  and  I  shall  receive  with  pleasure  communica- 1 
tions  wliicli  may  be  made  to  me  from  any  quarter  i 
with  that  object.  ' 

D.  K.  CLARK. 

London,  November,  1891. 
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Introduction  to  the  Tables. 

Table  !♦ — Circumferences  a/nd  Areas  of  CircleSy  Squarc^f, 
('fiheg^  Square  RtwU^  w^d  Cube  Iloatif  of  IfumberM^from  1  to 


The  powers  and  roots  of  numbers  niay  ht  calculated  by 
means  of  logarithms  ;  but  thiti  table  will  considerably  econo- 
mise calculation. 

The  columns  of  .squares  and  cubes  may  be  utilised  inversely, 
for  finding  in  the  lixst  column  the  routs  of  numbers  contained 
in  thobC  columns. 

The  columns  of  square  i*oot8  and  cube  roots,  also,  may  be 
utilised  for  finding,  in  the  first  column,  the  squares  and  cubes 
of  numbei*s  containing  decimals  in  those  columns. 

Further,  the  squares  in  the  fourth  column  aie  the  fourth 
powers  of  tlie  square  roots  in  the  sixth  column. 

Again,  any  number  in  the  tii^st  column  may  1)0  conceived  to 
(M)nsist  of  an  integer  and  decimals,  when  ihe  corresponding 
square  or  cube,  with  a  decimal  point  suitably  placed,  will  be 
the  square  or  the  cube  of  the  assumed  number.  For  example, 
suppose  that  the  number  18(i  represents  18-(),  or  ]'8(>.  or  'ISt;, 
the  square  will  contain  two,  or  four,  or  six  places  of  decimals 
respectively  ;  and  the  cube  will  contain  three,  or  six,  or  nine 
plaioesr  of  decimals  respectively.   Thas, —  •'  ' 
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1000. 


Numlier. 


Square. 

845-9r, 
'  3-4  0% 
*0d4o96 


Cube. 


18« 

18'6 

1-86 
•186 


6,434,8.5(» 
6,484-856 


*0064a48o6 


2  AUTHii^MATiOAL  TABUSii. 

The  number  of  places  of  deeiuials  is  tixed  iu  each  instaiice 
according  to  the  common  rule  of  twice  the  number  of  decimal 
places  in  the  original  number  for  a  square,  and  three  times 
the  number  in  the  original  for  a  cube. 

Table  2. — Diameter^  C'u'cumfcrencc^  and  Area  of  Circles^ 
advunciiw  by  Vulgar  Fraciioiix^/rom  ^  to  120. 

'  •  '   '  ^  **    '  *  \ 

The  diameters  specifically  represent  lengths  in'  inches  and 

parts  of  inciies.    But  thej  may  represent  values  in  any  other 

units,  as  feet  or  yards,       .  i    .  i* 

♦         '  - 

Table  3. — Ilccijjvoaals  of  Members^  from  1  to  lOUO. 

The  reciprocal  of  a  number  is  the  quotient  obtained  by 
dividing  1  by  the  given  number. 

The  product  of  any  number  with  its  reciprocal  is  equal  to  1. 
Hence  a  ready  means  of  checking  the  accuracy  of  any  re- 
ciprocal, which  when  mu\t^i^ije<^l,  i^y  its  x^umber  sKould  give 
a  quotient  of  1. 

'J'he  reciprocal  of  a  vulgar  fraction  is  e(pial  to  the  quotient 
of  the  denominator  by  the  enumerator.    Thus  the  reciprocal 

of  4  is  equal  to  ^  =^  2.  Or,  the  vulgar  fraction  may  be  re- 
duced to  a  decimal  form,  and  the  decimal  value  divided  into  1. 

Thus  i  =  '5,  and  1  -j-     =  2. 

■  > 

•  <  • 

TABiiB  AM^Logarithms  of  I<fumkers'^fram  1  ftr  10,000. 

Logarithms  are  designed  to  abbreviate  calcalaiions  involving 
multiplication  and  division  o£  numbers^  by  the •  subBtitution 
of  caLculatioofl  by  additiotm,  Md  sabtraotion  fespeotively. 
liog^iihms  consist  of  iategers  and  deoimals,  and  thoy  are 
given  in  Table  i  lor  numbeiis  jranging  from  I  to  10/)00.  The 
integers  or  indices,  as  they  are  ealled,  are,  except  in  the  small 
preliminary  tablet,  omitted  in  the  table^loir  fcbe  sake  of  brevity, 
but  chiefly  for  the  sake  pf  .cleaortiefls  and  simplicity.  The 
decimal  values  of  the  logarithms  are  given  to  six  places*  -Tke 
integer  or  index  of  each  iogarithm»as  lesabyd*  than  thdii]tm]l>pr 
of  places  in  the  integer  of  the  number  {  anddf  the  number 
cmtaia  only  deeimaisi  the  index  is  equal  to  (the  timber  of 
cyphers  next  the  decimal  poiat/pius  1.  The  index  itk  this 
case  is  negative,  and  is  so  discingiiished  by  the  sign  minus, 
written  over  it  The  adjastmenft  <>£  tbe  integer  qf-^  logarithm 
to  the  compppitioa  of  the  given  j[mtQi>er  is  exemplified  in  the 
following  serieS)    which  the  same  number  is  repeated  severid 
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times,  having  the  decimal  point  shittt;d  reguliiiiy.l>y  oua  digit 
towards  the  left  : — '         t  ' 

5814  \       ,       ,       .  3725422 

631-4  ...       .       .  •2725122 

53-14         .....    1  725422 
'   0-314     *    ,  •    ^  ;   .       .    0  725422 

,  -$314  i-725422  . 

•05314     .      .  '  .  2725422 

•005314    .       ...  ;r725422 

To Jiiid  the  hujarUltm  of  a  ntn)ibt'r.  11'  the  uumbcr  contain 
uDly  oneor  two  digits,  look  for  it  in  theuolumns  marked  X  in  the 
pi^eliminarj  tablet,  and  had  the  logaritlmi  next  to  it,  or,  look 
for  the  number  in  the  body  of  the  table,  with  one,  or  two, 
cyphers  following  it ;  and  the  decimal  part  of  the  logaritlmi 
stands  next  to  the  number,  in  the  eolumn  headed  <>.  For 
example,  the  decimal  part  of  the  logarithm  of  5,  -098970,  is 
in  the  column  next  to  500,  iu  page  6H  of  the  table  ;  corre- 
sponding to  the  single  di^it  in  the  integer,  the  integral  iiguie 

the  logarithm  is  0,  and  tli,e  complete  logarithm  is  0 'HO 8*.) 70. 
For  50,  the  logarithm,  is'  I -698970 ;  and  tor  pOO^  thp  logarithm 

U  2-698970 ;  butjtfor  -6,.' the  logarithm  is I'69a970. 

In.  shorty  it  the  given  number  consist  of  one.  two,  or  three 
digits,  the  decimal  part  of  its  loigarithm  is  found  in  theoolama 
headed  0.  If  the  number  consist  of  lour  digits,  look  for  the 
first,  second,  and  third  in  .the  column  N,  and  the  fourth  in  the 
row  of  headings  or  footings  at  the  top  or  the  bottom  of  the 
table  ;  and  the  logarithmic  decimal  is  found  opposite  the 
number  in  the  marginal  column,  and  below  or  above  the 
fourth.  If  the  number  consist  (»f  five  or  more  diLriLs,  the 
logarithm  f*ir  the  first  to  the  fouitli  digii.s  being  foun4  as 
above,  multi[»ly  (he corrt.'spundingdilference  in  the  last  (vilumn, 
I),  by  thu  remaining  digits,  and  divirle  by  10  if  there  he  only 
one  digit  mcji  e,  by  100  if  there  be  ten  more,  and  so  on.  Add 
the  quotient  to  the  lo^^irilhm  already  obtained,  to  give  the 
logarithm  required.  For  example,  to  lind  the  logarithm 
of  62*355.  The  decimal  part  of  the  logaiithm  of  (»2.'i5  is 
•79488<5,  and  the  coi  respondpg  difference  (70  K  5  -j-  10  =)  35, 
is  to  be  added,  thus — 

0-79463(i  * 
35 


0  794871  the  completed  loguritlim. 

Conversely,  the  number  for  a*  given  logarithm  is  found  by 
searching  for  the  decimal  part  of  the  logarithm.  If  it  be 
foand  exactly  or  mthin  a  few  units  of  the  right-hand  digit, 
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note  the  first,  second,  and  third  digits  of  the  required  number 
in  the  column  and  the  fourth  digit  at  the  top  or  the 
bottom,  above  or  below  the  decimal ;  and  place  the  decimal 
point.  If  the  logarithm  differ  materially  from  the  nearest 
in  the  table,  find  the  number  for  the  next  less  logarithm  in 
the  table,  to  give  the  lirst^  second,  third,  and  fourth  digita 
To  find  the  fifth  and,  if  necessary,  the  sixth  digit,  subtract 
the  tabulated  lou-arithm  from. the  g^ven  logarithm,  add  two 
cyphers,  and  divide  by  the  difEeience  found  in  column  D  in 
a  line  with  the  logarithm.  Annex  the  quotient  to  the  four 
digits  already  found,  and  place  the  decimal  point.  For 
example,  to  find  the  number  repiesented  by  the  logarithm 
0-497151,  The  nearest  less  logarithm  in  the  table  is  0*497068, 
for  the  number  3141.  Subtracting  this  logarithm  from  that, 
thus— 

0:497151 


8B 

add  two  cyphers  to  the  difference,  making  8300,  and  divide 
by  138,  the  difference  in  column  Then  8800  4-  138  =  60, 
and  annexing  60  to  3141,  the  number  is  314160.  Placing  the 
decimal  point,  the  completed  number  Is  3*14160,  or  3*1416. 

Ub  multiply  two  tfr  m&re  mmh&tt  together^  add  together 
their  logarithms.  The  sum.  is  the  logarithm  of  the  product.  To 
divide  one  number  by  another,  sitbtract  the  logarithm  of  this 
from  the  logarithm  of  that ;  thde  number  corresponding  to  the 
diffeience  is  the  quotient. 

Jb  find  any  powrr  of  a  g  hen  number,  multiply  the  lo^rarithm 
of  the  nnmber  by  the  exponent  of  the  power.  The  product  is 
the  logarithm  of  the  power. 

To  find  any  root  of^  given  number,  divide  the  logarithm  of 
the  number  by  the  index  of  the  root. 

To  find  the  teciprociil  of  a  glr-en  mmher,  subtract  the 
decimid  part  of  the  logaiithm  of  the  number  from  0*000000  ; 
add  1  to  the  index  of  the  logarithm  and  change  the  sign  of 
the  index.   For  ^mple.  to  find  the  reciprocal  of  350  : — 

0-000000 

lug.  350    .      .  2-544068 

a-455982  =  log.  -002857. 
Conversely,  to  find  the  reciprocal  of  the  decimal  '002857: — 

0*000000 

log.  -002857    .  3-455932 

2*544068.  =  log.  360. 
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These  two  calculations  afford  examples  of  Tici^ativc  indices. 
In  the  tii*st,  the  logarithm  of  850  has  the  index  2,  or  -f-  2,  the 
sign  of  which  \h  changed  for  subtraction,  niakino:  -  2.  In 
deducting  the  digit  5.  the  first  decimal,  from  0,  1  is  carried 
to  it  from  the  previous  subtraction,  making  (*»,  which  deducted 
from  10  leaves  4.    Carrying  1,-2  and  - 1  make  -  3,  which 

is  the  index  of  the  remainder,  *3'45o032,  the  logarithm  of 
•002867. 

In  the  second  calculation  above,  in  deductlDg  the  first 
decimal,  4  augmented  by  1  Carried,  or  5,  from  10,  there 
remains  5,  the  first  deeUnal  in  the.  remainder ;  and  1  is 
carried  to  the  index  place.  But,  first,  the  sign  of  the  index 
is  changed,  and  the  indi^  becomes  +  3  ;  and  from  this  the 
carried  1  is  deducted,  leaving  +  2  the  index  of  the  remaining 
logarithm  of  360. 

7h  add  toffetlier  two  negative  fndieeg,  they  are  simply  added 

and  the  negative  sign  placed  over  the  sum,  thus  H  +  2  =  5. 
In  the  addition  together  of  a  positive  index  and  a  negative 
index,  their  difference  is  the  sum,  bearing  the  sign  of  the 

gi-eater  additive  ;  tims  3  +  2  1  ;  or  2  -f  H  :s=  T.  For 
example : — 

log.  :u  i2  =  a-5ij(>8ii ' 

log.  O2801  =^>2'U7^in 


log.  96*41  =  l-dS4l24 

To  mhtraet  a  negative  indexj  change  the  sine  and  add. 
Thus,  to  subtract  2  from  5,  there  is  8  +  2  =  1  ;  but  this  may 
be  done  simply  thus  8  -  2  =  1.  Again,  8  from  2  -  8  +  2  = 
5.   To  subtract  a  positive  index  from  a  negative  index,  change 

the  positive  sign  to.  negative  and  add ;  thus,  3  from  5=6  + 
5  =  8. 

To  Jind  a  roat  of  a  g-heen  wmh&i\  Divide  the  logarithm 
of  the  number  bv  the  exponent  of  the  root :  the  quotient  is 
the  logarithm  of  the  root.  If  the  index  be  negative,  and  is 
divisible  without  a  remainder,  the  quotient  of  the  index  is 
negative.  If  it  be  not  so  divisible,  add  to  it  so  much  in  the 
negative  as  will  make  it  divisible,  and  divide  it,  to  give  the 
index,  which  is  negative  ;  prefix  an  equal  quantity  to  the 
decimal  part  of  the  logarithm,  and  divide  separately.  The 
two  quotients  together  make  the  logarithm  of  the  root.  For 
example,  to  find  the  square  root  of  1849  : — 

•    •  log.  1 849  =r  3'266997 

divided  by  2  =  l-iflim469  =  log.  48, 
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To  fiud  the  fourth  root  of  -00578  :—  • 

log.  -00578  =  a-7.61928 
divide  by  4,  say  4  +  1-761928 

giving  1440482  =  log.  •2757.  * 

It  in  urdinaiy  piaciice.  for  the  most  part,  unnecessary  to 
note  the  indices  of  lojiarii hms.  as  tlie  numbers  are  mostly 
sufficiently  indieated  without  the  indices.  Besides,  in  many 
cases,  roueh  approximations  suffice,  particularly  where  num- 
hei*s  are.  expressed  wholly  or  jpartly  in  decimals. 

Table  o. — Hypcrholie  LogarHlma  of  Numi^ers  from  1-01 
^/  20.  '  '  *        •  . 

The  table  of  hyperbolic  logarithms  is  useful  chiefly  in 
calculations  of  the  work  of  steam  by  expansiom.  The  numbers 
range  from  l  ul  to  20«  Hyperbolic,  or  Nepe]>ian>  lo^ftfithms, 
are  calculated  by  multiplying  the  common  logarithms  of 
numbeT-s.  as  given  in  Table  4,  by  the  constant  mnltiiilie^ 
2-302585.  '  '  . 

Table  Q.-^SitieJi  and  Co^n4itof  Angleafrom.  if  to  90% 

The  tabulated  values  ai^  the  proportional  valnes  when  the 
length  of  the  radius  of  the  circle  is  taken  as  1.  When  the  actual 
length  of  the  radios  is  - given,  the  actual  length  of  any 
sine  or  cosine  is  found  by  multiplying  the  tabular  value  b} 
the  length  of  the  radius.  '  .* 

The  table  is  arranged  so  that  each  value  signifies  the  sine 
of  an  angle  and  the  ooaine.of  its.oompleaient.  fm  90  degieeti. 
The  values,  are  gi\  eu  for  angles  advancing  by  half  a  degree. 
The  values  for  intermediate  angles,^  sufficiently  near  exactness 
for  most  purposes,  can  be  found  by  interpolation  In  sifnple 
proportion.  By  an  inverse  operation,  the  angle  may 'be  found 
for  any  given  sine  or  cosine  not  given  in  the  table.  ' 

Table  7,^TamfenU  mhd  Cotangentft  of  AnfjU^  from  0°  to  90**.  i 

The  values  are,  like  those  of  the  sines  and  cosines,  proper-  ' 
tional  value>.  the  radius  beinjj:  taken  as  I.  The  actual  values  of 
the  tangents  and  cotangents  are  calculated  by  multiplying  the 
actual  length  of  tiie  radius  by  the  corresponding  tabular  value  | 
of  the  tangent  or  the  cotangent.  '  '  ' 

Each  tabular  value  is  that  of  the  tangent  of  an  angle,  and 
also  that  of  the  cotangent  of  the  complementary  angle.  The 
values  are' given  for  angles  advancing  by  half  a  degree  ;  and 
values  for  intermediate  angles  may  be  found  by  interpolation. 
Inversely,  the  angle  may  be  foun'd  foi:  any  given  tangent  OT 
cotangent  not  foundiin  the  table,    v.    .  , 
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TABJLKtS.'-^I,ff»fftks  of  Circular  Areit.frim  1*  to  IW. 

The  lengths  of  circular  arcs  of  which  tlie  niaL-nituc'es  in 
degrees  arc  given,  are  stated  In  proporn'on  to  the  length  of 
the  radins.  taHen  as  1.    The  actual  leiiizth  of  the  j  rc  is  found 
'by  multiplyipg  the  actual  length  of  tlie  ra  iius  by  tlie  t  bular 
•  length  corresponding  to  the  number  of  degrees  in  the  arc. 

TABLe  d.—ij.cngths  of  Olrcnlar  Arcft,  v/?  to  a  Semwl^el^ 
whan  ths  ChoM  is  given.         \         .  ,  .  * 

In  this  table,  the  length  of  the  arc  is  given  proportionjilly 
to  the  length  of  the  chord,  which  is  taken  as  I.  Tiui  heights 
of  the  arcs  in  the  table  are  the  iiuoUents  arising  bj  dividing 
the  actual  heights  by  the  actual  lengths  of  the  chords, aad.ar<) 
the  ratios  of  the  heights  to  the  "chorda.        '  ' 

To  use  the  table,  therefore,  divide  the  height  of  the  arc  by 
the  length  of  the  chonl :  find  the  quotient  in  the  columns  of 
heights  in  the^  table,  and  multiply  the  corrbsponding  tabula^ 
length  of  th(i  arc  by  the  actual  lefigth  the  chord.  Xh^ 
product  is  thellengtb  ol  the  arc.  ! 

TabL£  lO.-^Arean  of  Circular  SiganeMa. 

The  tabulartareas  o(  ^circular  segments. aire  in  proportional 
BuperficiaJ.iXietsurey  cotresponcling  t<»  the  length  ot  the  4ia« 
meter,  which  1 1  taken  aa  1.  The  tabular  heights  of  the  segments 
are  the  quotic  nts  of  the  heights  divided  by  the  diameters } 
tKe  r^ative    ^as  are  giVen  in  i\x^  columns  of  areas.  i 

To  use  the  table^  divide  tbq  actuftl  neight  by  the  ictual 
diameter,  fiudjthe  quotient  in*  the  cplumnp  of  heights  ;  iuicl 
tnultiply  the  cbrrespondiiig  tabular  atea  by  the  square  of  the 
HCtuat  length  |f  the  diarijLeter.  .The  ptodUct  &  the  actual  avea| 

This  table  has  been  calculated  by  moans  of  Mr.  Trautwine's 
formula.  In  the  columns  of  heights  arc  the  ratios  of  thesi 
rise  to  the  span  or  chord  of  an  elliptic  arc.  To  use  the  table,j 
divide  the  given  rise  by  the  chord,  and  tind  the  quotient  in 
the  columns  of  heights.  Next  to  this  quotient,  in  the  adjoiji- 
ing  column,  is  a  multiplier,  which  when  multiplied  by  the 
actual  length  q£  the  s(^Uj  gives  the  length  oi  the  arc.       .  * 


•    •  I 

i 


Digitized  by  Google 


8 


MATUfiMATXCAL  TABI^. 


Table  1.— Numbers  (from  1  to  1,000),  or  Diameters 
OF  Circlp:s,  Circumferences,  Areas,  Squares,  Cubbs, 
Square  Hoots,  and  Cube  Roots.* 


No. 
or 
Diaiu. 

Ciicum- 
fdrencd. 

Circular 
Area. 

Cabe. 

Sqnare 
Hoot. 

Cube 
RxxiIl 

1 
1 



n*7>\'M 

'J  <  o.>t 

1 
1 

1 

X 

1  -non 

X  \J\3\J 

9 

S141fi 

4. 

1-414 

1*259 

Q  • 

9  4  248 

7-0686 

0 

27 

1-732 

1-442 

4 

1 1\ 

64 

1  -587 

X  vO  •  ' 

ft 
u 

1^*71 
1     1  1 

95 

T>5 

1  -70^ 

a 
u 

1  8-8  ~> 

^6 
on 

2-440 

1  -817 

X  CXI 

I 

91  'QQ 

OO  "to 

0*1 1> 

1  V*14 

Q 
O 

OfC»1  Q 

2^0  19  , 

OU  / 

04 

0>fi9Q 
Z  oZo 

0  -  AAA 

2So  4/ 

OO  Q.Z 

Q1 
OX 

79Q 

9*nAA 

4^qU  ' 

01*42 

^O'O* 

,auo. 

'1  AAA 

2S*lo4 

O-t  Oil 

yo  iio 

*1 01 

X4l 

X,Oifl 

9*91  A 

4  2549 

19 

o7  7U 

llo  iU 

144 

If  7*0 

0  404 

4  Zo9 

1  99*79 
104  fO 

I09 

2,197 

D  OUO 

4  OOi 

14 

1  nft<01 
XOO  7^ 

"  IW 

^  71Av. 

9«7i.l 

2-410 

15 

til  14 

X  1  D  f  X 

4«0 

9  97ft 
OjOi  0 

9*ft79 

0  0  f  ifi 

16 

^ft*9A  ' 

400 

2*ltlQ 

17 

X  1 

99(i<(|ft 

I  01  9 

i*1 99 

9-?;7l' 
0/ 1, 

1ft 

t>0  OO 

40x  41 

Q91 
OZ4 

X  fi99 

D,oo;f 

i.*9i.9' 
4 

4  D4U 

IQ 

Xt7 

09  ntf 

4oo  Oo 

001 

f  OOo 

9»71  J. 

9T  1«1  It 

91*  io 

4UU 

Q  AAA 

1«J.79 
4  4/25 

AX 

oi>*y  / 

.   0±D  00 

441 

0  9i31 
lV,04p 

A«XfiO 
4  Oi54 

4*100  r 

oJril 

90U  io 

ASIA 

4o4 

4  0»U 

/  Z  ZD 

410  *o 

lJ,lo/ 

il*7Q?: 
4  iVQ 

4  o4o 

9A 

404  Oa 

0  i  0 

4  olfo 

O.GO  f 

AU 

/o  Oi. 

4tfv  Of 

0  V/UU 

4  y44 

rSl  OO 

0  /  » 

'■^•noo 

Z  ^OZ 

27 

79Q 

c>  X./O 

o.nnA 
»»  uuu 

2ft 

7Q^ 

91  t|?i9 

•>  ^Jl 

9'A<i^i 

2fl 

<n  '1 1 

J  L  11 

660*  "^9 

Mil 

0  t>0») 

« J  I  M  z 

"UU 

9  7  Ann 

o'J  77 

SI 

O  X 

07«Q0 

7^  J  '77 

i'U  1 

ZU,  /  ;/l 

.)  .)0  / 

0  J -ii 

OiCi 

lUU  ;).) 

1   AO  1 

ljUz4 

oz,/  ^)^ 

y  o.>b  1 

0  1  /  4 

OO 

1  U.)  ()  / 

o.).>  oU 

i,uoy 

0  "*  rk  'J  T 
o.),9d7 

i)  /44  ! 

0-20/ 

34 

lOG-81 

907-02. 

1,15(3 

39^304 

5-830  ! 

3-239 

35 

109-96 

962*11 

1,225 

42,875 

5-910 

3-271 

36 

113-10  i 

1017-88 

1,290 

46,050 

o-ooo 

3-301 

37 

ii(;-24 

1075-21 

1,3(59 

50,053 

•6-082  ' 

3-332 

38 

119-38 

1134-11 

1,444 

54,872 

6-104 

3-361 

39 

122-52 

1194-59 

1.521 

59.319 

0-244 

3-391 

*  See  lulrmluctioii,  u/Wf,  i».  I, 
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Xo. 
or 
DiaiU. 

Circmn- . 
ferenee. 

Circular 

Square* 

Cnbe. 

kont 

40 

 — 

125^66 

12o6-64 

1 ,000 

64,000 

0*820 

8-419 

41 

128-80 

1320*25 

1,681 

68,921 

0-408 

.->-448 

42 

ISl'^S 

1885-44 

1,764 

74,088 

/ft.  i  04\ 

6*480 

.i  4/() 

43 

185-09 

1452*20  • 

1,849 

79,507 

6*i>;)7 

.-$-.'>08 

44 

188-23 

1520*58* 

1,986 

85,184 

6-683 

o*5o0 

45 

Hl-fiT 

1590-48 

2,025 

■ 

91,125 

6*708 

0*000 

46 

144-dl 

1661*90 

2,116 

97,386 
108,828 

6*782 

8*583 

47 

147-65 

1784*94 

2,209' 

6'85o 

8*608 

48 

loO-SO 

1609*56 

2,304 

110,592 

A  AAA 

6*928 

?r684 

49 

153-94 

1885*74 

2,401 

117,649 

7'OpO 

8*00  SI 

50 

157-08 

1 963*50 

2,50(1 

125,000 

7*071 

8-684 

51 

l(i()-22 

2042-82 

2,(iOI 

13*2,651 

7-141 

3*708 

52 

1  (]3-3() 

2123-72 

2,704 

140,608 

7*211 

3*782 

53 

U>(ir>() 

2206-18 

2,809 

148,877 

mm    ."ft  y  ft  <  ft 

/-280 

3^»(> 

54 

2290-22 

2,9ia 

157,464 

7-348 

8w79 

55 

172-79 

2375-88 

8,025 

n;o,875 

r410 

8*802 

56 

i  7:>-98 

24f)8  0i 

8  J  36 

1/0,010 

7-483 

3-824» 

f  — 

57 

I  79-07 

2.')ol-r  () 

8,249 

1 8i),]  98 

<  •.)49 

58 

182-21 

tf.^  jViI 

2()42'08 

8.804 

19.). 1 12 

/  -01  i) 

8*8/0 

59 

185-35 

2733-97 

8.481 

205,87!) 

7-('»Sl 

3*892 

60 

l«8-50 

2827-43 

8,(;oo 

210, ()(M) 

7-745 

3-914 

61 

I9l-(U 

2922-47 

8,721 

226.981 

7-810 

8- 980 

62 

194-78 

8019-1)7 

8,844 

288.828 

7-8  /  4 

8-l).)< 

63 

197-92 

8117-25 

8,969 

^  V    <~ft       J  ft  J 

2.)(4.04< 

8-!>/  9 

64 

2()l-()() 

821b-99 

4.O90 

202,144 

S-000 

4*(M  >0 

65 

204-20 

8318-81 

4,22o 

2/4,02.) 

8*002 

4-0-Jo 

66 

207-34 

8421  19 

4,8i)0 

28/,  190 

8-124 

1  till 
4  04 1 

67 

210-49 

8o2o-(>o 

4,489 

800,  <  08 

S-1S5 

4-001 

68 

213-()3 

8681-()8 

4.024 

814,482 

S*24() 

4-081 

69 

21(>-77 

8789-28 

4,7(;i 

828.509 

8'30<; 

4-101 

70 

219-91 

8848-45 

4.900 

348,000 

8-80r) 

4-121 

71 

223*05 

89i>9-19 

I 

3.)7,91 1 

8-420 

4-140 

72 

220- 19 

4071-.)0 

.),184 

3/8,248 

K-48i) 

4  100 

73 

229-84 

418.)-89 

j),829 

■  "ft  J%    1  1  T  1^ 

889,01  / 

8-.)44 

4  1  /  9 

74 

232-48 

4800-84 

5,476 

405,224 

8-(;(»2 

4-198 

75 

235-62 

.  4417-8(; 

5,0-25 

421,875 

8-000 

4-217 

76 

238*7(» 

453(i-4(» 

5,7 1 0 

488.976 

8-717 

4-28.) 

77 

241-90 

4(i5i;-t>3 

5,929 

456.;)88 

8-744 

4 -2;)  4 

78 

245-04 

4778-3(1 

(>,()S4 

474,552 

8-881 

1-2/2 

79 

248-19 

4901-67 

0,241 

493.089 

8-888 

4-290 

80 

251-33 

5020-55 

0,400 

512,000 

8-944 

4-808 

n 

254*4f7 

5Ii>8*00 

6,561 

531,441 

9-000 

4-326 
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No. 
or 
Diani. 



Circuiii- 
lereuce. 



t 

Circular 
Area. 



Square. 

* 

Cube, 

Square 
Root. 

Cube' 
Rooti.| 

82 

5281-02 

6,724 

551,368 

9-055 

•  ■   ^  ■  1 

4*M4' 

83 

2(K)*75 

5410-()1 

6,889 

1  571,787 

9*110 

4-SS2 

84 

263*89 

5541*77 

7,056 

592,704 
614,125 

9-165 

4'SI79 

85 

267-08 

5674-50 

7,225 

9-219 

4*396  • 

86 

270^18 

5808-80 

7,396 

686,056 

9*273 

4^4* 

87 

278*32 

5944*68 

7,569 

'  658,503 

9-327 

4*481 

88 

276-46 

6082*12 

7,744 

681,472 

9-880 

4*447 

89 

279*60 

6221*14 

7,921 

704,969 

9-483 

4*461 : 

90 

282-74 

6361-73 

8,100 . 

789,000 

9-486 

4*481. 

91 

285-88 

6503*88 

8,281 

753;571 

9-539 

4*497  J 

92 

28903 

6647*61 

8,464 

778,688 

9*591 

4*514' 

98 

292-17 

6792*91 

8,649 
8,836  . 

804,357 

9-643 

4-530 

94 

295-31 

6939*78 

830;584 

9-695 

4-546 ; 
4-562 

95 

298-4.5 

7088-22 

9,025 

857.875 

9-746 

96 

801-59 

7238-23 

9,216 

884.730 

9-797 

4-578 

97 

304-73 

7389*81 

9.409 

912.073 

9-848 

4-594 

98 

307-88 

7542-96 

9,(>04 

941,192 

9-899 

4-610 

99 

3Ii-()2 

7(;97-(;o 

9,801 

970,299 

9-949 

4-020 

100 

ai4-ir> 

7858-98 

10,000* 

- 

1,000.000 

10-000 

4-641 

101 

817-30 

8011-85 

10.201 

1.080,801 

10-049 

4  057 

4  AA 

102 

820-41 

8171-28 

1 0.404 

l.OO  1.208 

10-099 

4-G72 

103 

828-:>8 

8382-29 

I0.0O9 

1.092,727 

10-148 

4-687 

104 

82(;-78 

8494-87 

io.sk; 

1,124.80-1 

10-198 

4-702 

105 

829-S7 

8(;59-()I 

11.025 

1.157,025 

10-240 

4-717 

106 

888-01 

S824-78 

1 1 ,28(; 

l,l9l,on; 

10-295 

4-732  ' 

107 

88(;-ir) 

81MJ2-02 

11,449 

1,225,048 

10-844 

4-747 

108 

88i>-29 

91(;o-88 

ii,(;(>4 

1,259.712 

10-892 

4,762 

109 

842-48 

9881-82 

11,881 

1,295,029 

10-440 

4-770 

110 

84r)-r>7 

9508-82 

12,100 

1,881.000 

10-488 

4-791 

111 

848-72 

9i;7i;-89 

12,821  , 

l,8l»7,081 

10-585 

4-805 

112 

8r)i-8n 

0852-08 

12,544 

1.404,928 

10-588 

4-820 

113 

8r>r»-()o 

l002><-75 

12,7r.9 

1,442,897 

lO-(>30 

4-834 

114 

858-14 

10207-08 

12.996 

1.4M  1.544 

10-077 

4-848 

115 

8(>1-2S 

l088i;-89 

18.225 

1.520.875 

10-723 

4-802 

116 

8(;4-42 

105(;s-82 

18,450 

1,5(>O.S90 

10-770 

4-876 

117 

8(;7-57 

ll>751-82 

18.089 

1,()01.<;18 

10-816 

4-890 

118 

870-71 

10985-88 

18.1)24 

1,(;43,032 

10-862 

4-904 

119 

878-8:> 

11122-02 

14.101 

1,085,159 

10-908 

4-918 

120 

87()-99 

1 1809-78 

14.400 

1,728,000 

10-954 

4-932 

121 

880-13 

1  1499-01 

14,041 

1,771,501 

11  000 

4-940 

122 

888-27 

llf;89-87 

14.884 

1,815,848 

11-045 

4-959 

123 

386*42 

11882*29 

15,129 

,  1,860,867 

11*090 

4*973 
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OIRCLKS,  CUBES,  ETC. 


No. 
or 
Diam. 



Cireuni- 

— - — 

Cir<;iiljir 
Area. 

 — — 

Square, 

Cube. 

Square 
lioot. 

'Cub«>  ' 
Koot. 

•  • 

124 

12076-28 

15,876  {  1,90(>,(»24 

--  --  - 

11-185 

4-980 

125 

392*70 

12271-85 

15,625  t  1,953,12« 
15,876  .  2,000,376 

11*180 

5-000 

126 

395*84 

12468-98 

11-224 

5-013 

127 

398-98 

12667-69 

16,129  . 

,  2l048,383 

11-269 

5-026 

128 

402-13 

12867-96 

16^384  t  2^097^52 
16,641  4  2^146,689 
16,900  :^197»000 

11*313 

5-089 

129 

405*26 

13069*81 

11-357 

5-052 

130 

408-41 

13273*23 

11-401 

5-065 

181 

• 

411*55 

13478-22 

17,161  ,  2,248,091 

11-445 

5-078 

182 

414*69 

13684-78 

17,424  1  2,299,968 
17,689  1  2,352,637 

11-481 

5-091 

188 

417-83 

13892*91 

11-532 

5-104 

IM 

420-97 

•14102*61 

17*9n6  \ 

•  2,406.1 <H 

11-575 

5-117 

188 

424-11 

1^13-88 

18,22t> 

2,460.3  ii) 

il-Olt 

5-129 

186 

427-26 

14526-72 

18,49b 

'  2,olo,4aD 

11-661 

5-142 

187 

430-40 

14741-14 

18,7(j9 

2,.)/l,3»3 

11-704 

5-155 

138 

433r»4 

1495  7- 12 

1 9,044 

2,h20,872 

11*747 

5167 

189 

48(>-(i8 

15174-(>8 

1 9,821 

2,()85,bl9 

11*789 

5-180 

140 

439-82 

15398-80 

19,000 

2,v  44,000 

11*882 

5-192 

141 

442-9(; 

15f;]4-50 

1 9.881 

2,808.221 
2,808. 2.SS 

U-874 

5-204 

142 

44(;-ll 

1588(;-77 

20,1<)4 

11*910 

5*217 

143 

449-25 

i(;o(;(j-oi 

20,449 

2,924,20/ 

1 1*958 

5-229 

144 

4:>2-89 

n;2S(r02 

20,<8(> 

2,98.). 984 

12-1M)0 

5-241 

146 

4r»r»*,">H 

1  (15 18-00 

21.02.) 

8,O4S.02.» 

12-04! 

.)-2i>8 

146 

4:>s-(;7 

li;741-55 

21. 8  k; 

»\    t  t  t.  \    1*1.  • 

8,1 12,180 

12 -0.^8 

5-205 

147 

Mil -81 

i(;97i-r>7 

21, 009. 

8,1  /(►,.)28 

12- 124 

5-277 

148 

I  7208-8(; 

2l,9(H 

8,21 1 .  /  92 

12- 105 

149 

4(i8-in 

I  748(>-ei2 

22,201 

8,80  7.919 

12-200 

5-8(»l 

150 

471 -24 

17(J7J-H; 

22.500 

8.875,000 

12-24^ 

5-818 

151 

474-38 

17907-8t; 

22,8lU 

8,442.95  1 

12-288 

5  "825 

152 

477m2 

18145*84 

28,104 

8,511,808 

12-82S 

5  880 

153 

•i80-(;r) 

1S885-89 

28,409 

8,581.577 

12-8(;9 

5-848 

154 

4S8\S() 

18(;2r)-50 

28.7  h; 

3,052,264 

12-409 

5-8()0 

155 

4s<;'9:) 

188<;9-19 

24.025 

3,728.875 

12-449 

5-871 

156 

490M)I) 

19118-45 

21,880 

8.79»;.41<; 

12*4Sli 

5-888 

157 

193-28 

1I)859*2S 

24,()49 

8.S(;i»,Sli8 

12-529 

5-81>} 

158 

49(;-87 

I9(»0()*(i8 

2  k904 

:;,944,812 

12-5(;9 

5-4  (i'i 

159 

499-51 

l9855-('»5 

25,281 

4,019.(;79 

1  2-(;oii 

5*4 1  7 

160 

:>02-G5 

20lO(;il» 

25,000 

4,09(i,ooo 

12-(i49 

5-428 

161 

r)O5-80 

20858-84 

25,921 

1,178,281 

1  2-08.S 

5-440 

162 

508-94 

20(>  11-99 

2().244 

4.251.528 

12*727 

5-451 

163 

512-08 

208(»7-24 

2r)..509 

4.880.74  7 

12-7<;7 

5-4()2 

164 

515-22 

21124-07 

2(».890 

4.410,944 

12-800 

5-4  78 

168 

518-36 

21382-46 

27,225- 

4,492,125 

12-845 

5-484 
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•    MATHEMATICAL  TABLBH. 


No 
or 
Diam. 

Circum- 
ference. 

Circular 
Area. 

Square. 

1 

Cube. 

SqTiarp 
iioot. 

Cube 
1  Boot 

1 

166 

2ir>42-48 

*^7  55r) 

4  574  -^9r» 

1  •>-844 

1  5-495 

167 

Awl 

•M  908*97 

27  889 

4  f)57  4r)8 

1  5-50r» 

168 

52  7- 79 

221  (» 7-08 

28,224 

4.741  632 

12*961 

« .» 1  r 

0  ol< 

169 

22481*76 

28.5(>1 

^    4  8'>6  809 

18-000 

5-528 

170 

584-07 

22698*01 

28.900' 
29.241 

.  4^913,000 

1.8*088 

5-539 

171 

22965*88 

5,000,211 

18*076 

5*550 

172 

28285*22 

29  584- 

5w088  448 
5,177,717 
I  5,268,024 

1<l*114 

5-561 

178 

28506*18 

29,929 

1<t*1f)9 

5*572 

174 

f  1  <T  1  J. 

80,276 

XO  XSJv 

5*582 

175 

24052*82 

80,625  1  5,859-875 

18*228 

5-593 

176 

5fi2*Q^ 

24828*49 

30,976 

5,451,776 

18*266 

5*604 

177 

556*06 

24605*79 

81,329 

5,545,288 

18*304 

X*'  t*\'m 

5*614 

178 

31,684 

5,639.752 

to  n-r  i 

5-625 

178 

95164*A4 

32,041 

5,785,339 

5*685 

180 

'2^446*<)0 

32,400 

5,832,000 

XO  Tin 

3-646 

181 

9^78(W4^ 

32,761  1  5,929,741 

10.4-vQ 

5-656 

188 

R71-77 

Mil  If 

98015-58 

33,124 

b,028,568 

l^'ilQO 

5-667 

188 

33,489 

\    b, 128,487 

1  •)  f 

^-677 

184 

*>(i590*44 

83,856 

'  (),229,504 

m'5(U 

I  it  •HIT 

5-687 

185 

5S1-19 

*^f)880'25 

34,225 

'  r,,881,625 

18-001 

0-698 

186 

584-84 

'^7171-<)8 

84.59(1 

(;,484,85f> 

18-1188 

5-708 

187 

•»o  i  "to 

84,9(>9 

(•»,589,208 

5-718 

188 

Z  1  ♦  • ' 11 

85,844 

(;,(;44.f;72 

10  111 

189 

85,721 

(>,75].2r,9 

1  *^747 

1  »>    /  T  < 

")-788 

190 

8(;,100 

(;,859.O0O 

I  »)    1  OT 

5-748 

191 

1 1 '  »\  »  ". '  I 

8(;.4S1 

i;,9(;7.87i 

5-758 

192 

(lOS-l  9 

*>895'>-9*> 

8(;,s(;4 

7,077.888 

1 8*s")(; 

5-71)8 

193 

j)U(;-88 

*>9'>55-80 

87.249 

7,189.057 

18-89'> 

5-778 

194 

<i()9-4-7 

29559-2<I 

87,(;8(> 

7,801.884 

18-9'>8 

5-788 

195 

<  >  1  M  1)  L 

*>*JSi;  I  '77 

88,025 

7,414,875 

1  0  ,fl»T 

5-798 

196 

III   » •  /  ' » 
\}  I  Iff 

•^01  71 

88,416 

7,529,58(1 

1  1*000 

5-80.^ 

197 

*^04S( 

88.809 

7,<;45.878 

5-818 

198 

(;»>•)•(  m  ' 

80  790- 7*) 

811.20 1 

7,7(12.892 

1 4-071 
1  t  \' 1  1 

5-828 

199 

81 10'>-55 

89j;oi 

7,880.599 

1  l-KHi 

5-888 

200 

81415-98 

40.000  i 

8,000,000 

14-14'> 

5-848 

201 

'  >•>  I  +■) 

•-il  7^0-^7 

40.  Mil  1 

8,12o.(;ol 

1  4-1  77' 

5-857 

202 

'  »  •  I  i"  1  1  U 

^*>0i7-^<J 

40,801 

8.212.408 

1  1'*>1'> 

I  t     1  j 

5-867 

203 

DO  1    /  -t 

M9M<;'»- 1 7 

41,209 

8.8(;5,127 

1  !    —  T  ' 

5-877 

204 

V)"tV'  <~i* 

41j;i() 

8,489,(>()4 

1  4-*>Q*>i 
It 

5-88(> 

205 

r,44-03 

83oim;-8(; 

42,025 

8,(;i5,125 

14-817 

5-896 

206 

<U7-17  1 

«H8829  H; 

42,48(> 

8.741,81  (i 

14-8;)2| 

207 

(>50-81 

88<>58-58 

42.S49 

..         .  i 

8.S6?r,748 

14-887' 

5-015 

Digitized  by  Google 


ClHCLKb,  iiyUAUES,  CUBES,  ETC. 


So. 
or 

foLm, 

ference. 

Aiea. 

Cube. 

Root 

Boot. 

208 

653*45 

S3979-47 

43,264 

8  998  912 

14*422 

5*924 

WW 

656-59 

84306*98 

43,681 

9  123  329 

14*456 

5*934 

210 

659'7d 

84636*06 

44)100 

9.261.000 

14*491 

5*943 

211 

662*88 

84966*71 

44,521 

14*525 

5*953 

212 

666-02 

35298*94 

44.944 

0  5*>8  128 

14*560 

5*962 

213 

669*16 

35632*73 

45  309 

0  <i08  597 

14*594 

5*972 

214 

()  72*30 

359(58*09 

45  79(» 
40  225 

KOO  Hll 

1 4*0*'>8 

5-981 

215 

6  75 -4  4 

3r)805*08 

0  088  875 

14*0(>2 

5-990 

216 

3<U)48()1 

40J>50 

IO  ()77  ()90 

14'()90 

o-ooo 

217 

()Sl-78 

80088*01 

47  ON 9 

10  'M8  818 

14*780 

0-009 

218 

()84'87 

378*^5*20 

47.524 

10  800  282 

14*704 

0*018 

219 

37(»()8*48 

47  001 

14-708 

0*0*^7 

220 

-ir) 

8S()18"'^7 

4.S  400 

1  ( \  \\X^  000 

1  4-832 

0*O8l) 

221 

88850<;8 

48  841 

1 4*800 

0*0 15 

222 

(»n7-4:^ 

38707*50 

49  '^84 

in  <) J-l  (lis 

1 4*800 

0*055 

223 

700*."i7 

39057*07 

49  729 

1  1  0.S9  507 

14*088 

0*O(>4 

224 

708-72 

89408- 14 

50.1 7() 

1 1  '^80  4*^  1 

1 4*900 

J  J,  ft'\'*' 

0-O78 

225 

70l)'8() 

^39700*78 

50  025 

1 1  800  025 

1 5*000 

0*(>82 

226 

710M)0 

401 15-00 

51,070 

1 1  543  1  70 

15*088 

0*091 

227 

718-14 

40470-78 

51  5*^9 

1  1  (597  088 

1 5*000 

0*100 

228 

71(;-28 

40828*14 

51  984 

1 1  85*>  85*> 

1 5*099 

I  •  '    V  ft ' 

(;*io9 

229 

7ll)-42 

411 87*07 

52. 14  1 

1    OOlS  080 

15*18*^ 

0*1 18 

230 

722-:)  7 

41 547*50 

5*>  000 

1  '>  107  000 

1  5*105 

231 

725-71 

41  009*08 

58  801 

15-1  08 

()*185 

232 

728*85 

4*^2  78-^  7 

58  S24 

1  •>  4X7  1  (IS 

I  5-231 

0-144 

233 

781*1)<^ 

42(»88*48 

54  *^80 

1    fUM  S'-t7 
I        »/,•/•>  < 

1  5-204 

0*158 

234 

785*18 

48005*20 

:>4-  i 

1  •>  SI  004 

1  5*207 

0-102 

235 

788*27 

483 78  01 

55  '^25 

1  •>  077  S75 

15-829 

0*1  71 

\  9      X    9  L 

236 

.741*42 

48748*54 

55!09() 

18  144  250 

15*802 

0*179 

237 

744*5(; 

44115*08 

5(;,109 

13  31->  (»r,3 

15*894 

0*188 

238 

747*70 

44488*09 

50,044 

18,481,272 

15*427 

0*197 

239 

750'S4 

44802*78 

57J21 

13,651,919 

15-459 

(5-205 

240 

758*08 

45288*98 

57,000 

13.824.000 

15-491 

(5-214 

241 

757*12 

45010-71 

58,08i 

13J997«521 

15*524 

(>-223 

242. 

7(»0*26 

45990*00 

58  564' 

14,172,488 

1 4il48  907 

\3  tnJX 

243 

7(i3*41 

40870-98 

59  049 

1  5-;;a8 

244 

766*55 

40759*47 

5<)  536 

245 

7(59*(>y 

47143*52 

60  025 

14,706,125 
14^86,936 

1 5*B52 

246 

772*83 

47529*16 

60,516 

15*684 

6*265 

247 

1 1 •*  •/I 

0*4/ 4 

248 

779*11 

48305*13 

61,504 

15,252,992 
15,138,249 

15*748 

6*282 

m 

782*2() 
« 

48695*47 

62,001 

15*779 

6*291 

Digitized  b/Google 
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MATHEMATICAL  TABLKS. 


1  Xo. 
1  or 

Circuin- 

Circular 

iJJiam. 

.  (/» 

/  00  iU 

I  loJ  «fi«Q7 

252 

t  J  V    '  > '  1 

i  i<>Q7*;«Q0 

0'  'J  /  JL^r> 

707. Oft 

0<  M)  i\V  i  i> 

2/ift 

AW 

oUi  1 1 

fl  1  i  \!7l  1.  0 

256 

u  <  1 1 . 0  X 

;  r  1  4 "  1 .  cw 
0 14  /  1  Nn 

*'tF  f 

Qi  k7«QO 

<SU/  iSv 

;  0  1 0  /  r  /  n 

0 1' '  .).» 

01  0  .i  •  7 

0  0  .  0  0 

U  1  i*  .U  1 

1  oonjij-'ji) 

0  1  \)  \)\) 

oJo  1  \  ) 

U  •)  i  *  •  »  }  1 

oZv  00 

-  1  "   n .  1  1 
.» 4  <  .ilr  1  I 

\  *:  1  -  1  .XO 

.).)  J  .)4  ;)y 

"    **  1  .I'M 

w •  Ci  1 

W  1  1  'iW 
>  V  1  I'.) 

i>  -f . »  U ;  r 

■>  J.) 

.)  1  J. ».».),-) 

y  \  1  '*l  7 
o,»  1  t>  1 

r»7i:v!n'  1  •? 

»^/U-^"  J.) 

9*79 

o.)-t  ill 

97  a 

W    ■»    /  .1»  -k 

0»'  1  '»•> 

974 

•  )o»M>  r  •)«) 

97/i 

oh.)  ;l  t 

97R 

977 

C  7l  woo 

97ft 

ftr  UI0Q.70 

97Q 

9ftn 

>7'  1  if  0.) 

9ftt 

fi9i.^ift'rwi 

284 

0«>t>x#  U/ 

OAl«f  i 

'388 

1104-78 

$514'4-07 

289 

i»a7-92 

«5597-24 

290 

1)1106 

$(»051-99 

.291 

914-20 

$6508-30 

Square. 


I 


<i2,500 

<m,r>oi 

(;4,r)in 

<».■>..")'$(» 
«;(;,oi9 

(;7,o8i 
\u\m) 
(;8,i2i 
(;s,ii4i 
f;9,ir)9 
r»9.(;9() 

7(1,225 
7U,7.*)<) 

7I,2S9 
71,824 
72,3<>1 
72,900 
7a,441 
78,984 
74,.->29 
7.'),07ri 

7:>,()2r) 

7(1,17(1 

7(;,729  ' 

77,284  ■ 

77,841  j 

78.41)0  I 

7s,9(n  . 

79,524  \ 
80,089  ' 
80,656 
81,225 
81,796 
82,369 
82,944 
88,521 
84,100 
84,681 


Cube. 

15,f)25,000 
15,813,251 
1(),0()8,008 
lf),l  94,277 
1(;,887.0(>4 
1(;,58I,.H75 

Ki, 777.21(1 
1(^974,598 
17J78;512 
17,878,979 
17,57(i,00(> 
17,779,581 
17,984,728 
18,191,447 
18,899.744 

18,  (;()9,()25 
18,821.09/1 
19,084,1  (18 
19,248.882 
1!>,4(*.5,1(>9 

19,  <;88.(M)() 
19,902,511 
20,128,()48 
20,840. 117 
20,570,824 
20,79(),875 
21,024,57(3 
21,258.933 
21,484,952 
21,71  7,()39 
21,952,000 
22,188,041 
22^25,768 
'22/»«5,187 
22^0(5,804 
28^49,125 
28^93,65(5 
23/539,903 
23ij887,872 
24.137,569 
24^89,000 
24,642,171 


Square 
Root. 


Cube 


5-811 
5-S42 
5-S74 
5-905 
5-9.S7 

5-  9(>8 
(j-OUO 

(;-o3i 
(v(ir>2 

(5-093 
()-124 
0-155 
(MStJ 
()-217 
0-248 

6-  278 
0-8(J9 

0  840 
0-870 

0-401 

(;-4.81i 

(>-4()2 

0-492 

0-522 

(;-552 

0-583 

0-613 

6-643 

6-673 

6-708 

6-73B 

6-768 

6-792 

6-822 

6-852 

6-«81 

6-911 

6-941 

6-  970 

7-  000 
7029 
7-U51i 


0-299 
0-307 
0-316 
(•»-32| 
(;-33S^ 
0-341 
(;-349 

o-3.^r 

i>-3B^ 
(>-374' 
(i-382 
(;-890 

(»-8a8 

(;-400 

(5-41.4 
(5-423 
(5-431 
(5-439 
(>-447 
(5-455 
(5-463 
0-471 
0-479 
(5 -4^87 
0-49D 
(5-502 
(5-510 
6-518 

6*5M 
6-5^ 

6-5i 

6:350 
6«588 

6*596 
O'(503 
(5-011 
0-019 
0^027 


Digitized  by  Google 


C1KCLB8. 

SOUARE8. 

CUBEa.  ETC. 

16 

So. 
or 
Diam. 

Cinmm- 

1 

Circular 

Square. 

1 

1  Cube. 

Cube 

flOOX* 

m 

917-34 

66966-19 

85.264 

9  1  HM7  0,S8 

6-631 

293 

920-49!  67425-65 

85  849 

15H  7o7 

1  7*1  1  7 
If  ill 

294 

923-68!  67886-68 

86,436 

1  7'1  tfJ 

6-()  19 

293 

926-77 

68319-28 

87  0>5 

I  7'1  li\ 

II  I/O 

(;'657 

298 

929-91 

68813-45 

87  616 

1  7»9n^ 

297 

933-05 

69279-19 

88  209 

9iJ  1  M,^  0  7-^ 

If 

()-<;72 

298 

936-19 

69746-50 

SS  804 

1  7*9««'-4 

2a9 

939-3  i 

7U215.38 

S')  iOl 

1  7*9*  l-> 

300 

942-4» 

70685-83 

MO  000 

1  7'*-t9n 
Li  it^y) 

301 

945-(>2 

71157-86 

*n)  601 

1  7'-<4^M 

J   f  •»Tfc^ 

302 

948-76 

7H»3l-45 

Ml  '>04 

1  7'*-l7s 

J  <  »»  1  o 

6*709 

\J    1  V.'  v 

303 

951-90 

72106-62 

Ml  S09 

9  7  six  197 

1  7-407 

«;-7i7 

'  f    1  Ji  f 

304 

955-04' 

725S3-3(; 

M"^  416 

•7><  iK»4  4(i  l 

1  7'4.'4ii 

If    r»  »•  1 

305 

958-191  73061  1)6 

93  0*>5 

6-731 

306 

9r»l-33 

73541-54 

93  63() 

9s  <;■>•>  (» 1  ii 

1  7-4m;s 

LI     X  %J%J 

i;-739 

307 

964-47 

71022-99 

Ml  -^19 

1  7'"i91 

'J  IT' 

308 

967-61 

7450i;-01 

94  8r)l 

9(|  9  1  sf  119 

I  7*'iiM 

II  'It,' 

6*753 

309 

970-75 

7191)0-6(1 

95  481 

9i»  r.im  i^Xi 

1  7''i7.S 

(;-76i 

310 

973-89 

75476-76 

9i>.l00 

9<1  7(t] 

I  7'(i07 
1. 1  i 

6-768 

311 

977-03 

7591)4-50 

9i;,721 

1  7*<irt  ~\ 

X  1  \w%w*f 

6-775 

312 

980-18 

76153-80 

M7  34  1 

•Jn  OTl  ?J9V! 
tjUjO  1  1  ji)^r» 

I  7M*iH'-i 

L  f   1  >l l«i 

6*782 

313 

983-32 

7(;944-67 

M7  969 

•?0  (16  1  *>M7 

17-(»92 

6-789 

314 

986-46 

77437-12 

M8  59(> 

•^0  M5M  11  4 

17-720 

6-797 

315 

989-60 

77931-13 

99,225 

1  7*748 

(;*804 

316 

992-74 

7842(;-72 

99,856 

1  7-77(1 

6-811 

317 

995-88 

78923-88 

100,489 

31,855,013 

1  7'M04 

6*818 

318 

999-03 

79422-60 

101.124 

1  7'SS'i 

1.  1  OtJ^ 

6-826 

319 

1002-17 

79922-90 

101,761 

32,461,759 

X  f  ouv 

6*833 

320 

1005-31 

80424-77 

102,400 

6-839 

321 

lOOS-45 

80928-21 

103,041 
103.684 

6*847 

322 

1011-59 

81433-22 

!t.^JiQ.*^  2«i7 

17-944 

6*854 

323 

1014-73 

8m9-80 

104,329 

1 7*972 

6*861 

324 

82447-06 

104,97e 

fl4Jll2  224 

18*000 

6*868 

325 

1021-02 

82957-68 

105.625 
106,27^ 

18*028 

6*875 

3^6 

1024^6 

83468*98 

G'882 

327 

1027^30 

83981-84 

106,929 
107,584 

1 8-083 

6*889 

328 

103044 

84496-28 

•11  'jii^  7  ri^^9 
rS.>,-o  /  ,»)r)^ 

6*896 

329 

1033*58 

85012-28 

108,241 

6'9i»3 

330 

1036'73 

85529-80 

108,900 

35,937,000 

IS- 166 

6-yio 

331 

1039-87 

86049.01 

109,561 

3t»,2()  4.091 

18*  193 

6*yl7 

382 

1043-01 

86569-73 

110,224 

36,591,368 

18-221 

6*^24 

1046-15 

87092-02 

11(1  >^>^Q 

36,926,037 

18-248 

6i^31 

to 

Digitized  by  Google 
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MATUBMATlGAti  TABLES. 


No. 
or 
Diam. 

334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 


Circnm- 
ference. 


Circular 


049-29  87615-8H 

052-48|  88141-31 

056-57|  88668-31 

0:>S-72j  S9]m>-88 

(mi -86  89727-()3 

U(ir)'iK>  i>0258-74 

(H>8-U  'Jn71>2()3 

071 -28  ino2('.-SS 

074--12,  iilSilH-:;! 

()77-:>7i  9241  >1 -in 

()S(»-71  92yiu-.SS 

083-8.")  98482-(»2 

08(;-i>!>  <>|02l-73 

oi)o-j8  i>4:)<;iJ'0l 

Ol>3'27!  i)5114-8(; 
0'J5-42i  l»r)<J!",2-28 

oi)9-r>(),  im;2ii-28 

102-70  l>fi7(;i-84 

io:)-84,  i)7;^i4-7(; 

10S-<J8  l>78()7-()8 
112-12J  98422-'.n5 
1  i:)-2(;i  9897l>-80 

iis-n  iio:);is-22 

121  •.■)."»  10()oas'2l 

i24-(;*.):ioo(;:»ii-27 

127-8H|10i222-iM) 
i:?<)-^»7|10l787-(;o 

i;uiJiio23r>;^-87 

137-2(;  1021)21 -72 
I  10-40  L084i)J-lH 
M;V:)4  I040()2-I2 
Ul»-68,104634-67 
1 49*821 105^-80 
L.>2-9i>  105784*49 
ld6*ll  106361 -Tf) 
159*25  106940*00 
162t39  107521*01 
I6r>-53108102*1)1» 
168-67  108(J86*r>4 
171*81  109271*66 
174*96  109858-30 
178-10 110446-62 


Square. 


€ube. 


111,556 
112,225 
112.896 

1 13.569 
114.244 
114,921  ; 

1 1().281  ' 
I  l(;,i>()4 
117,649; 
118.336 
1  l!l,02.) 

1  i:k71i; 

120,101) 

121,104 

121,801  , 

122.:)0O 

123,201 

I2'^,y04 

124.609  ( 

12:).316 

12li.02:> 

12';.7H() 

127,4  H» 

12S,1(>4 

12S.881 

121>,i)0il 

130,321  . 

131,044  I 

131,7(>9 

132,496 

133,225 

133,956 

134,689 

135,424 

136,161 

136,900 

137,641, 

1 38,384  ; 

139,129* 

139,876 , 

140,625. 


87,259,704 
37,595,375 
37,933,056 
38,272.758 
38,614,472 
38,958,219 
39,304,000 
31M»51,821 
40,001,688 
40,353,607 
40,707.584 
41,063,625 
41,421.73(5 
41.781,923 
42,144,192 
42,008,549 
42,875,000 

13,243,551 
43,614,208 
43,986,977 
44,361,864 
44,738,875 
45,1 18,011) 
45,4i»i),293 
45,882,712 
4r,.268,279 

m;.(;56,ooo 

47.045.881 
47,437,928 
47,832,147 
48,228.544 
48,li27,l25 
49,027,896 
4i9,l(80,868 
4i9,636,032 
50,243^409 
50,653,000 
51,064,811 
M  ,4 78,848 
nil  ,895^117 
52,813,624 
52,734,375 


Squue 
Boot 


18-276 
18-303 
18-330 
18-357 

18-385 

18-412 

18-439 

1 8-466 

18-493 

18-520 

18-547, 

18-574! 

18-601 

18-628 

18-655 

18-681 

18-708 

18-735 

18-762 

16-788 

18-815 

18-842 

18-868 

1 8-894 

18-921 

1 8-947 

18-  974 

19-  000 
1  9-026 
1 9-052 
1 9-079 
19-105 
19-131 
19-157 
19:183 
19-20^ 
19-235 
19*261 
19-287 
19--31dJ 
19^339 
19-365^ 


Cube 
Eoot 

6-938 

6-945 
6-952 
6*959 
6*966 
6-973 
6-979 
(;-986 

6-  993 

7-  000 
7-007 
7-014 
7-020 
7-027 
7-034 
7-040 
7-047 
7-054 
7-061 
7-067 
7-074 
7-081 
7-087 
7-094 
7-lOi 
7-107 
7.114 
7-120 
7-127 
7-133 
7-140 
7-146 
7-153 
7*159 
F*166 
7^72 
7^79 
7^85 
7-l«2 
7-19IJ 
7m 
7«1 


Digitized  by  Google 

1 


CIRCI^  SQUARBB,  OUBCS,  ETO. 


I  No. 
I  or 
piam. 

876 
377 
378 
379 
3B0 
381 

m 

383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
40i 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 


Circum- 
ference. 


1181-24 
1184-3^ 
1187-52 
1190M)H 
119B*8i 


JL196-9&  114009*18 


1200-OS 


250-64 
259-78 
262-92 
26(i-06 


Circular 
Area. 


111036-45 
111627-86 
112230-83 
112615*38 
L134I1'49 


114608*44: 


1208*23  115209*37 
206-87  115811^7 
209-51 116415-64 
212-66  11702118 
215:80117628-80 
218*94  118286-9a 
222-08 118847-2+ 
225-22  119459-06 
228-36  120072-46 
231-50  120687-42 
234-65  121303-96 
237-7*J  121922-07 
240-93  122541-75 
244-07  1231(;300 
247-21  1237.«^5-82 
250-85124410-21 
253-49  1250361 7 


125663-71 
126292-81 
126923-48 
1275.53-73 


269-20  128189-55 
272-34  128824-93 
275-49129461-89 
278-63;13Ul00-42 
281-77il30740-52 
284-91  131382-19 
288-05j  132025-43 
291-19  132670-24 
294-34  13331  r,-63 

297-48^1 339r,4-:>>^ 
300-62il34(;i4-10 

r?03-7<;il3:»2i;5-2(i 
306-90|  13591 7-86 
310-04aa6572*10 


Sijuare. 


.Cube. 


141,376 

142,129 

142.884 

143,641 

144,400 

145,161 

145,924 

146,689 

147,456 

148,^5 

148,996 

149,769  { 

150,544 1 

151,321 1 

152,100  I 

152,881 

153,664 

154,449 

155,236 

15(>,025 

156,816 

157,609 

158,404 

159,201 

160.000 

160,801 

161,604 

162,409 

163,216 

164,025 

164,836 

165,649 

166,4i;4 

167,281 

168.100 

168.921 

16<),744 

170,5*;9) 

171,396! 

172,2-25 

173,056  i 

173,889  ' 


53,157,37r) 
53,582,633 
54,010.152 
54,439,939 
54,872,000 
55^06,341 
65,742,968 
56^81,887 
66,1623,104 

57,^12,456 

58411,072 
58,868,869 

59,819,000 
59,776,471 
60,286,288 
60,698,457 
61,162,984 
61,629,875 
62,099,136 
62,570.773 
63,044,792 
63,521,199 
64.000,000 
64,481,201 
64,9^,4,808 
65,150,827 
65.939,264 
66.430,125 
66,923,416 
(•7,41 9,143 
67,911.312 
68,417,929 
68,921.000 
69.426,531 
(;9.934.52S 
70,414.997 
70. 1  »5  7.944 
71.473.375 
71.991,296 
72.511.71:^ 


1 

C  ul>e 

iiuot. 

Eoot 

1  V  ,Mfl 

7.*)  1  vJ 

i  J.  in 

1  (t.  <  1  I*. 

1  if  4-1/ 

1  (1.  f  i*  Q 

7.«)*J  7 

1  O.  1  tlU 

7.0  1  'I 

1  Q.r,i  (• 

1  y .  >  1 1 

1  \.4y 

7.or;it 

<7,0/» 

Id*  1^01 

i  JilO 

7  !bo1 

llrYJJo 

laf*74o 

•  iSUD 

ljf-774 

lV*OS54 

19-04H 

f  o«il 

1 9  o  /  i> 

1  n.onn 

1  y-oyv* 

7.QJ.D 

1 9  92i^ 

7.DilO 

]  9*949 

1  ooo 

19*9/ 

f  on^ 

zOO^'O 

/  ono 

200-5 

7,07  J 

OA. A  1  ft 

20*049 

7.ttfiA 

20  07d 

/  Oon 

OA.AOft 

7.009 

20  IJo 

20  1 4y 

/  -±{1,1 

20  1  /  4 

7-1  ^  1 
/  4  1 1 

io  1  yy 

7'il  7 

zO  z  J4 

O  A.O  /I  Q 

20  248 

7-i9Q 

7'i*4.l 

/  4r>'l- 

JO  jyo 

7-.1  J.  1 
/  441 

7'  1  17 

<  44  / 

20  .>4  / 

7.  f  ~,  *i 

20  .>  / 1 

<  4 

JU  oyn 

7»J.71 
/  4  /  i 

Digitized  by  Google 


MATHBKATIGAL  ZAfiUSB^ 


Circuin- 
fereuceu 


459 


ai8 

310-38 


Circular 
Area. 


19  137227-91 
137885-29 


3id-47 1385^*^ 
322-61 139204*70 
S2&-76  139866*85 
40530-51 


328*89 
332*03 
395*18 
338*32 
341*44 
344*60 
347*74 
559*88 
354-03 
357*1 7i 
360-81 
3()3-4r) 
36r)-59 
3()9-73 
372-88 
37()-02 
37i)-l() 
382-30 
:i8.V44 
3s8-r)8 
391-73 
394-87 
398-01 
40M:) 
iOl-29 
407-43 
410-57 
413-72 

4i(;-8() 

420-00 
423-14 
42t)-28 
429-42 
432-57 
435-71 
438-85 
Hl-(»9 


41195*74 
41362*54 
42630*92 
43200-86 
43872-88 
44545*46 
45220-12 
4589r>-35 
4r>574-15 
47253-52 
47934-4() 
48(516-97 
49301  05 
49980-70 
501)73-93 
51302-72 
52053-08 
52745-02 
53438-53 
54133  00 
54830-25 
55528-47 
50228-20 
50929-02 
57032*55 
58337  00 
59043-13 
59750-77 
00459-99 
01170-77 
(;i.S83-13 
02597-06 
03312-55 
04029-02 
04748-20 
05408-47 


Square.  !  Cube. 


174,724 
175,561 
176,400 
177,241 
178,084 
178,929 
179,776 
180,625 
181,476 
182,329 
183,184 
184,041 
184,900 
185,701 
180,024 
187,489 
188.350 
189,225 
190,090 
190,909 
191,844 
192,721 
193.i;00 
194,481 
195,364 
190,249 
197,136 
198,025 
198,916 
199,809 
200,704 
.201,001 
202,500 
203.401 
204,304 
205.209 
200,100 
207,025 
207,930 
208,849 
209,764 
;^10,681 


73^,632 
73|560,059 
74^088,000 
74/}18,461 
75,151,448 
75/S86,967 
76^226^24 
76^765,625 
77;308,776 
77,854,488 
78,402,752 
78,953,589 
79,507,000 
80,002.991 
8(M>21,508 
81.182.737 
81 ,740,504 
82,812,875 
82,881,850 
83,453,453 
84,027,672 
84,004,519 
85,184,000 
85,760,121 
80,350,388 
80,938,307 
87,528,384 
88,121,125 
88,710,536 
89,314,023 
89,915,392 
90,518.849 
91,125,000 
91,733,851 
92,345,408 
92,959,077 
93,570,004 
94,190,375 
94,81><.810 
95,4^13,993 
90,071,912 
95,702,579 


Sfiuare  ^  Cul»e 
aoot  Boot 


1 


20-445 
20*469 
20*494 


20*518  7*495 


20*543 
20*567 
20*591 
20-615 

20-r»39 
20-064 
20-688 
20-712 
20-730 
20-700 
20-785 
20-809 
20-833 
20-857 
20-8S1 
20-904 
20-928 
20-952 

20-  97(; 

21-  000 
21-024 
21-047 
21-071 
21-095 
21-119 
21-142 
21-100 
21-189 
21-213 
21-237 
21-260 
21-284 
21-307 
21-331 
21-354 
21-377 
21-401 


7'477 
7*483 
7-489 


7*501 
7*507 

7-513 
7-518 
7-524 
7-530 
7-5.^0 
7-542 
7-548 
7-554 
7-559 
7-505 
7*571 
rot  I 
7-583 
7-588 
7-594 

7-000 
7-600 
7-612 
7-617 
7-623 
7-629 
7-635 
7-640 
7-646 
7-652 
7-657 
7-663 
7-669 
7-674 
7-680 
?'«86 
7*691 
7*697 
7*708 
7*708 


21*424  '7»714 


Digitized  by  (jOOgle 


CIKCLES,  bQUAKES,  i'UbGS,  £TC 


ly 


No. 

or 

Di  a  III 
• 

Circum- 
ference. 

Circular 
Area. 

Square. 

Cube. 

Square 
Root 

Ottbe 
Root 

460 

1445-13 

166190*25 

211,600 

97,336,000 

21-447 

7-719 

461 

1448-27 

166918-60 

212,521 

97,972,181 

21-471 

7-725 

462 

1451-42 

167688%58 

213,444 

98,611,128 

21-494 

7-731 

463 

U54r)6 

l()8865-02 

214,3(>9 

99,252,847 

21-517 

7-736 

464 

1457-70 

169093-08 

215,296 

99,897,345 

21-541 

7-742 

465 

1460-84 

169822-72 

216.225 

100,544.625 

21-561 

7-747 

466 

14r>3't)8 

170553-92 

217,156 

101,194.696 

21 -58  7 

7-753 

467 

14r)7-12 

171286-70 

218,089 

101,847.5(;3 

21-610 

7-758 

468 

147()-2H 

172021-05 

219,024 

102,503.232 

21-633 

7-764 

469 

1478-41 

172756-97 

219,9«;i 

103,161,709 

21-656 

7-769 

470 

1 4  7<)  •.").") 

173494-45 

220,900 

103,823.000 

21-679 

7-775 

471 

1470-r,l) 

174233-51 

221,841 

104,487,1  1  1 

21-702 

7-780 

472 

1482-83 

174974-14 

222,784 

105,154,048 

21-725 

7-786 

473 

1485-07 

175716-35 

223,729 

105,823^817 

21-749 

7-791 

474 

1489-11 

17i;4r,o-12 

224.67(; 

106,496.424 

21-771 

7-797 

476 

1492-2<> 

177205-41) 

225.625 

107,171,875 

21-794 

7-802 

476 

1495-40 

177952-37 

226,576 

107,850.176 

21-817 

7-808 

477 

1498-54 

178700-86 

227,529 

108.531.333 

21-840 

7-813 

478 

150l-(»8 

179450-91 

228,481 

109,215.352 

21-863 

7-819 

479 

1504-82 

180202-54 

229,441 

109.902.239 

21-8S() 

7-824 

480 

1507-96 

180955-74 

230,400 

110.592.000 

21-909 

7-830 

481 

1511-11 

181710-50 

231.361 

111,284,«;41 

21-932 

7-835 

482 

1514-25 

1824(;()-84 

232,324 

111,980,168 

21-951 

7-840 

483 

1517-39 

183224-75 

233.289 

112,678.587 

21-977 

7-846 

484 

1520-53 

183984-23 

234,256 

113^^79,904 

22-000 

7-851 

485 

1523-(w 

184745-28 

235,225 

114,084,125 

22-023 

7-857 

486 

152(;-81 

185507-90 

23(5.19?; 

114,791,256 

22-045 

7-8()2 

487 

1529-91) 

186272-10 

237.169 

115,501.303 

22-0(>9 

7-868 

488 

1533-10 

187037-8(; 

238,144 

116,214.272 

22-091 

7-873 

489 

153<;-24 

187805-19 

239,121 

116,936.169 

22113 

7-878 

490 

1539-38 

188574-10 

240,100 

117,649!ooo 

22-136 

7-884 

491 

1542-52 

1S9344-57 

241,081 

118.370,771 

22-158 

7-889 

492 

1545-Hf) 

190116-62 

242.064 

119,095,488 

22-181 

7-894 

498 

1548-8U 

190890-24 

243,049 
244,036 

119,823.157 

22-204 

7-899 

484 

1551-95 

191665-43 

120,553,784 

22-2-26 

7-905 

486 

1555-09 

192442*19 

245,025 

121,287,375 

22-248 

7-910 

486 

1558-23 

1^220-51 

246,016 

122,023,936 

•22-271 

7-915 

487 

15ei'37 

194000-42 

247,009 

122,763^473 

22-293 

7-921 

498 

1564-51 

194781-89 

248,004 

128,505,992 

22-316 

7-926 

toi  iqi) 

ooo 

600 

1570-80 

196849-54 

250,000 
251,001 

125,000,000 

22-361 

7-937 

601 

1578-94 

19!(185-72 

125,751,501 

22-383 

7-042 

C  2 


MAiaii^l^iTlCAL  TABLES, 


Circum-  ,  Circular 
ference.  Area. 


577-08. 11)71)28-48 
:,.sn-22  Ii>8712-8() 

r)8a-:5i;  i9i)."'><>8-7o 
r)8<>*:)()'20n2iM;'i7 
:>si»M;:)i20ioiH)-2u 
:>U2-7ii[20lss:)-8i 
r>y:)-i)3[202(j82i)i> 

:>90-O7'20.-U81-74 
(;()2'2l  20I2S2MI(; 

«;o:)-3:)|2o:»ossi):) 

i;()S'19^20r)887-42 

(UiMU  2u<;(;*>2-4:> 

614r-7S;20741»l>Hi:^ 
r)17-i)2  20SH()7-2:J 

<i2iM)f;  2<nni(;-'j7 

()2-l-2<l  2(r.>i»2S-2!) 
()27'34:21074M8 

r;3()-4i)!2li555-(;-{ 
<;83-<;82i287i(;<; 

08(j-77;2i:n81)-2i; 

(;:50i)i|2i4O()8-4a 

(;48-or,'2l4821)17 

<;40-JiM2  !:>(;:)  1-41) 

<;4l»-3l*2U;47rr37 
«r)2*48j217HU0-82 
65*V(;2  218127-85 
,658-76  2  l8ij:>()-44 
661-90  21978l>-61 
665-04  220(>18-32 
•22U51-65 

222286-63 
223122-98 
223961-00 
224800-59 
2^')641-75 
226484r-48 
227328-77 
228174-66 
220022-10 
229871-12 
230721 '71. 


668-r.^ 
671-33 
674-47 
677-61 
680-7-> 
683-81. 
687-04 
690-18 
693-32 
696:4(5 
699-00 
702-74 
705-88  231573-86 


iSquar««  , 

252,004  : 
253,(MH)  ' 

254,010 
255, (J25  , 
25(;,O30  ' 
257,049  , 
258,0{;4 
25iM)8l 

2(;o,ioo 

2(;i.l2I 
2<;2.144  I 
2(i3.1(i9  ' 

2(>4,19(;  I 
2(i5.225  i 
2(i(;,25<;  f 
2(17 .281) 
2(;s,324 
2(;i).301  i 
270,400  j 
271,441  ; 
272,484  : 
273,529  j 
274,570  i 
275,(;25 

27(;j;7(;  i 

277,729 
278,784 
279,841 
280,000 
281,901 
283,024 
284,089 
285,156 
286,225 
287,296 
288,369 
289,444 
290.521 
291,600 
292,681 
293,764 
294,84k9 


Cube. 

♦ 

20,500,008 
27,203,527 
28,024,804 
28,787,025 
29,554,210 
30,323.843 
31,090,512 
31,872,229 
32,(;51,000 
33,432,831 
34,217.728 
35.<M  >5,r»97 
35,790,744 
3(),590.875 
37!388,U9<; 
38,IN8.413 
38,991, .s32 
39.798;359 
40,(;os.00(l 

41,420.701 
42,230,048 
43.055,007 
43^877,824 
44,703,125 
45.531 ,570 
40.3(;3.183 
47,197.952 
48,035.889 
48,877,000 
49.721.291 
50,508,708 
51,419,437 
52.273.304 
53,130.375 
53,990,056 
54,854.1.53 
155,720,872 
156,590^19 
157,464.000 
158,$40;421 

159,920,088 
160,108,007 


Square  ,  Oabe 
Root,  f  Jloot. 


22-4051  7-047 
22-428i  7-95S . 


22-449 

22-472 
22-494 
22-517 
22-539 
22-5<;i 
22-583 
22-005 


7-958 

7-963 
7-909 
7-074 
7-979 
7-984 
7-989 
7-995 


22-0271  8-000 
22-049!  8-(M)5 
22-071  8-010 
-22-094  8-010 
22-710  8  021 
22-738;  8-U20 
22-7.59!  8-031 
22-7821  8-030 
22-803!  8-041 
22-825,  8  047 
22-847*  8-052 
22-809  8-057 
22-891  8-062 
22-913  8  007 
22-935.  8-072 
22-950t  8-077 

22-  978,  8-082 
23  000'.  8-087 

23-  022  8-093 
23-043.  8-098 
23-005,  8-103 
23-087j  8-108 
23-108  8-113 
23  130  8-118 
23-152  8-123 
23  173i  8-128 
23-1 95 1  8-m 


23-216 
23*238 
23-25V 
23-281 


23-302  8«]|>8 


8*108 
i8-148 

8*]£8 


Digitized  by  Google 


OIRCLdS,  SQHAteS/ CCBES,  ETC. 


21 


Circmn* 
lerence. 


Circular 
Area. 


709  03  2324;27-59 
712-11  233282-89 
715-31  234139-76 
718-43  234998-20 
721-59  233838-21 
724-73  236719-79 
727-88  237582-94 
731-03  238447-67 
784-ld  23931$-96 
737-30  240181-83 
740-44  241051-26 
743-58  241922-27 
746-73  242794-85 
749\S7  243(;68-9D 
7:*3  0O  244544-61 
75(>ir)j245422-60 

7(>2-i.S  ilTlsl-.'jO 
7(;:)  :)7 

7r>8-72  248940-^7 

77.')-0().2r»071S-7:i 
778-Ul2r>l()07-(H 
781-2S2:)24ims7 
7S4-42  2:)388S-8n 
7S7-:)7  2:>4281-3() 

7yo-7ii2r)5i7r)-8»; 
7*j8-8r>j2:»<;o72oo 
79(;-iMj!2r)G9i;9-7i 

sr>:v27 

S(>(;-42 

812-70 
8ir)'84 

SIS-IKS 

822-12 
82:r2(> 

828-41 
831 -Of) 


2r)78(>8-i.Mj 
2587<)y-85 
2r>0fi72-27 

2()U.")7(;-2«; 

•>lil481-8:J 
2G238S-1M; 

2r.3297-(;7 

2G42n7-tM 
20511 9- 71> 

2(;n()s:5'2i 

20004  s-2() 
834-09  2G78<n-7(; 
1837-83268782:80 


Square. 


29r>,98(; 

297.025 
298,110 
299,209 
300,804  , 
301,401 ! 

302,500 1 

303,601 

304,704 ' 

305,809 

306,916 

308,025 

309,130 

310,249 

311,364 

312,481 

813,000 
314,721 
315,844 . 
316,969  • 
318.oiW 
3 1 9/235 ' 
320,356  • 
321,489, 
322,024 

323,701 
324.900 
32r),04  I 
327,184 
328,321> 
329^471; 
330.025 
331. 77«; 
332,1121) 
334!os4 
335,21 1 
33(VlflO 
337,501 
338,724 
339,889 
341,05(; 
312,225 


Cube^ 

100,989,184 
101,878,025 

102,771,330 
103,007,323 
104,500,592 
165,469,149 
166,375,000 
167,284,151 
168,196,608 
169,112,377 
170,031,404 
irp.953,875 
1?1,879,61<; 
lf2,808,(J93 
173,741,1  12 
174,070,879 
175,616,000 
176,558,481 
1T7,504,328 
178.453,547 
179,406,144 
180,302,125 
181,321,490 
182.284,203 
183.250,432 
184.220,009 
I85;i93.000 

i8<;.i«;i».4ii 

187,149,248 
ISS.132.517 
189,  II  9,22  I 
190,101>,375 
1  91^102,970 
192,100.033 
193,100.552 
194,101,539 
1 95,112,0(10 
190.122,941 
197.137,308 
ll>S.i:,5,2S7 
11)9,1  7*;,704 
2' Ki.2()l  ,<'>25 


Square 
Rnot. 


Cube 
Ko'it. 


23-32  1 

23-345 

23-307 

23-38S 

23-409 

23-431 

23-452 

23-473 

23-195. 

23-510 

23-537 

23-558 

23-579 

23-601 

23*622 

23*t;43 

23^664 

23-685 

28-706 

23-728 

23^49 

23-769 

23-791 

23-812 

23-833 

23-854: 

23-875 

23-890| 

23-910 

23-937 

23  "958 

23-  979 

24-  000 
21-021 
21-012 
24-O02j 
24-OS3' 
24-104' 
24-125' 
24-145' 
24-10(; 
21-187 


S-103 
81 08 
8-173 
8-178 
8-183 
8-188 
8-193 
8-198 
8-203 
8-208 
8-213 
8-218 
8-223 
8-228 
8-233 
8-238 
8-242 
8-247 
8-252 
8-257 
8-262 
8-267 
8-272 
8-277 
8-282 
8-28«; 
8-291 
8-296 
8-301 
8-30(> 

8-311 
8-315 
8-320 
8-325 

8-:i;iu 

8-335 
8-339 
8-344 

8-319 

8-351 
8-359 
8-3(i3 
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Circum- 
ferenoe. 


1 

Circular 
Area. 


s47-2(>27ir)4(r70 


s:)i)-i()  2 
8:)8-r)4  2 

8r)fH)S  2 
.sr)i)*82  2 
S()2-9()  2 
SI>I)-112 
S!>9-25  2 
S72-8i)2 
87:)-53  2 


i)702-r)9 
(m;23-S() 


247M2 
88<J7-I() 
4324-(;«i 
r)2:)3-78 
()1 84-48 
711f)-7r) 

8():)n-:>!) 
8ti8:)'iii> 

1K)22-1)7 


878'()7  28()8(U-r)3 
SSl-81  281801*05 
8S4-1)()  282748-34 
888-10  28H()8()*(;0 
8in -24  284(>81 -44 
8^4-88  28r)r>77-84 
897-52  281)525-82 
900-6()  287475-8(i 
903-80  28842()-4  8 
900-95  289379- 17 
910-09  290333-43 
913-23  291289-20 
916-37  292246(i(> 
919-51 293205-03 
922-65'29416Gi7 
925-80  295128*28 
928-94  296091-97 
93208  297057-22 
935-22298024-05 
938-30  298992-44 
941-50|2999(52-41 
944-65  800933-95 
947-79  301907-05 
950-93  302881-78 
954-07  303857-98 
957-21  304835-80 
l):;o-85:305815-20 
9(;3-5()'30679l>-l<» 
9r,()-()4  807778-09 
909-78  308702-79 


r 


Square. 


Cube. 


848,8i)0 
844,5r>9  ! 
845,744  I 
84i;.921  ! 
848,1 01 ) : 
849,281  I 
350,404  ! 
851,()49  * 
852.880  , 
854,025  , 
855,210  ' 
850,409 
357,604 
858,801 
800,000  I 
8<;i,201  i 
802,404  i 
8<)8,009  I 
8(;i.810  , 
8(>0,025  j 
807,280  1 
308,449  : 
309,604  i 
370.881 
372,100 
373,321 
374,544 
375,769 
376,996 1 
378,225  j 
379,456 
380,689 
381,924 
383,161 
384,400 
385,641 
386,8S4 
388,129 
389,376 
390,025 
891,876 
893,129 


201.280,050 
202;202,008 
208,297.472 
204,88(;,409 
205,379.000 
200,425,071 
2(^7,474,088 
208.527,857 
209^584,584 
210,011,875 
211,708,780 
212,770,178 
218,847,192 
214,921,799 
210.000.000 
217,081,801 
218,107,208 
219.250.227 
220,848,8(;4 
221,445,125 
222,545,0H» 
228.048,548 
224,755,712 
225,8(;(>,529 
226,981,000 
228,099,131 
229,220,928 
290,346^97 
231,475,544 
232,608,375 
233,744,896 
234,885,113 
236,029,032 
237,176,659 
238,628,000 
239,483,061 
240,641,848 
241,804,307 
242,970,024 
244,140,025 
245,314,870 
240,491,883 


Square 
Root. 


Cube 
Huot« 


24-207 

24-228 

24-249 

24-209 

24-289 

24-310 

24-881 

24-351 

24-872 

24-398 

24-418 

24-433 

24-454 

24-474 

24-495 

24-515 

24-530 

24-556 

2 4 -5  70 1 

24-597 

24-017( 

24-037; 

24-058] 

24-i;78 

24-098 

24-718 

24-739 

24-758 

24-779 

24-799 

34-819 

24*839 

24*859 

24-879 

24-899 

24*919 

24-939 

24*959 

24-  980 

25-  000] 
25-019 
25-040 


8-368 
8-378 
8-378 
8-882 
8-887 
8-392 
8-397 
8-401 
8-400 
8-411 
8-415 
8-420 
8-425 
S-429 
8-484 
8-489 
8-444 
8-448 
8-458 
8-458 
8-462 
8-407 
8-472 
8-47(1 
8-481 
8-485 
8-400 
8-495 
8-499 
8-504 
8-509 
8'513 
8-518 
8-a22 
8*527 
8*532 

sm 

8-541 

8-545 
8-549 
8-554 
8-559 


Digitized  by  GocDgL 


CiaOIiB9»  SQUAKES,  GUBBS,  ETC. 


23 


No. 
or 
Diani. 

628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 

m 

666 
664 
665 
666 

667 
668 
669 


Circuiii- 
ferenoe. 


Circular 
AM.  ' 


11)72  1)2  309748-47 
197G-06  81 0735-71 
iy79-20;811724r)3 


1982-34 


312714-92 


1985-49  31370(>-88 
1988-68  814700-40 
1991-77  81569.)-50 
1994-9l|816692-17 
l998-0.>j817G90-42 
2001-19  818690-28 
2004-84  819()91-(U 
2007-4S  820f)94-r)(i 
2Ol0-()2  82Jf)99-09 
2018-7()  822705-18 
20l(i'90  823712-8.) 
2020  04  824722-09 
2023-19  825782-89 
2026-88  826745-27 
2029-47  827759-22 
2082-61  828774-74 

2085-  75  829791-88 
2O38-89!88081O-49 
2042-04881880-72 
2045-18,882852-58 
2048-82i888875-90 
2051-46884900-85 
2054-60  835927-8(; 
2057-74  88()955-45 
2060-88887985-10 
2064-031339016-38 
2067-1 71340040- 18 
2070-31  841083-50 
2a73'45ia4dll9«44 
2076-59843156*95 
2079*76  844196^3 
2082*88  846266*69 

2086-  02  846378-91 
2069-16  847622*70. 
2098*80  848868^07 
2095*44  84941500 
2098-58  850468*51 
2l01-73|85J.518*5i9 


Cabe. 


894,884 

895,641 

396,900 

898,161 

899,424 

400,689 

401,956 

408,225 

404,496 

405,769 

407,044  ! 

408,821  j 

409,600  ! 

410,881  I 

412,164  i 

418,449 

414,736 

416,025 

417,316 

418,609 

419,904 

421,201 

422,500 

428,801 

425,104 

426,409 

427,716 

429,025 

430,336 

431,649 

432,964 

434^81  • 

435,600 

486,921 

488,244 

439,569 

440,896 

442,225 

448,556 

444^89 ! 

44(>,224 

447^^61 


247,678,152 
248,858,189 
250,047,000 
251.289,591 
252,435,968 
258,686.187 
254,840,104 
256,047,875 
257,259,456 
258,474,858 
259,694,072 
260,917,119 
262,144,000 
268,374,721 
2(»4,609.288 
2()5,847,707 
267,089,984 
2r,8.S86,125 
269,58(1. 186 
270,840,028 
272,097,792 
278,859,449 
274,625,000 
275,894,451 
277,167,808 
278,445,077 
279.726,264 
281,011,875 
282,800,416 
288,596,393 
284>890,6X2 
286,191,179 
287,496,000 
288,804^781 
290,117,528 
391,484,247 
292,754,944 
294,079,625 
295,408,296 
296,740,968 
298.077,682 
299,418,809 


Square 
Root 


25-U59 
25-079 
25-099 
25-119 
25-189 
25-159 
25-179 
25  199 
25-219 
25-289 
25-259 
25-278 

25-298 
25-818 

25-;^57 

25-877 

25-897 

25-416 

25-486 

25-456 

25-175 

25-495 

25-515 

25-584 

25*554 

25-573I 

25-598 1 

25-612 

25-682 

25-651 

25-671 

25-  690 

26-  710 
25-720 
25-749 
25-768 
25*787 
25*807 
25-826 
25*846 
25-865 


Cube 
Root* 

8-568 
8-568 
8-578 
8-577 
8-582 
8-586 
8-591 
8-595 
8-599 
8-604 
8-609 
8-618 
8-618 
8*622 
8-627 
8-681 
8-686 
8-640 
8-644 
8-649 


8-658 
8-662 
8-667 
8-671 
8-676 
8-680 
8-684 
8-689 
8-693 
8-698 
8-702 
8-706 
8-711 
8-715 
8-719 
8-724 
8*728 
8*788 
8-787 
8-742 
8-746 
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No. 

or 
Diam. 


670 
671 
67^ 
6/3 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
634 
685 
686 
687 
68d 
639 
690 
691 
692 
693 
694 
695 
698 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 


Circmii- ,  Circular 
ferenOA.  t  Area. 


-M08-01  ;ir)3ol8-48 
211i-l.V:i:)4t)73-24 
2114-2ii:r)5729-(J0 
2117-43  35(i787  r)4 
2120*58  357847-04 
2123-72  ii58lH)S-ll 
212rt'S()l:i5f)970-75 
218O-0O|3l>1034-9.7 
2133-14  .%2100-75 
213D-28  3ii31(»S-ll 
2139-42  3t>4237-U4 
2142-57  .3t)5307-54 
2145-7J  356379-00 
2148-85  367453-24 
2151-99  3G8528-45 
21  )5-13  369605-23 
2158-27  370683-59 
2161-42  371763-51 
2164-56  372845-00 
2167-70  373928-07 
2170-84  375012-70 
2173-98  376098-91 
2177-12  377186-68 
2180-27  378276-03 
2183-41  379366-95 
2186-55i380459-44 
2189-69  381553-50 
2192-83  38234r9-43 
2195-97  383746-33 
2199-12  384845-10 
2202-26  385945-44 
2205-40  387047-36 
.2d08'54  3S8lQ0-iH 


2211-68 

2214-8- 

2217-9 

222M1 

2224*25 

2227*8i 


3^9255^90 
39a3'i2'32 
{9U7fa2 
i9i580*49 
i93301-da 
(94804-74 


-22S0-5.S  195919*21 
2288-67  !)97035'27 


Squfttew 


I 


Square 
Boot 


448.900 
450,241 
451,584 
452,929 
454,276 
455,625 
456,976 
458,329 
459,684 
461,041 
462,400 
463,761 
465,124 
46(1,489 
467,856 
469,225 
470,596 
471,969 
473,344 
474,721 
476,100 
477,481 
478,864 
480,249 
4  SI, 63  6 
483,025 
4S4,416 
485,809 
487,-204 
488,601 
490,000 
491,401 
492,804 
494/209. 
495,616 
497,025 
49S«4Sk> 
499  8^9 
5ui,2.i4 
502  681 
504;iOJ 
505^21 1 


300,763,000 
302,111,711 
303,464,448 

304,821,217 
;3U6, 182,024 
307,546,875 
308,915,77(> 
310,288,733 
311,665,752 
313,046,839 
314,432,000 
315,821,241 
317,214,568 
318,611,987 
320,013,504 
321.419,125 
322.828,856 
324.242.703 
325,6(»0.672 
327.082J69 
328,509.000 
329,939,371 
331,373^888 
332,812.557 
334,255,384 
335,702,375 
337.153,536 
338,608,873 
340,0l)S,392 
341.532,099 
313.000,000 
314.472,101 
345,948,088 
84?,428i927 

34fe,913,^>64 
350,402,625 
351,895,^16 
35^,898,213 
354,894,912 

35B;400,829 
35f, 91 1,000 
359,425,431 


Cube 
BooU 


25-^84 
25-904 
25-923 
25-942 
25-961 

25-  981 

26-  000 
26-019 
26-038 1 
26-058' 
26-077! 
26 -0961 
26-1151 
26-134 
26153 
26-172 
26-1921 
•26-21 1! 
•26-229! 
26-249* 
26-268 
26-287 
26-306 
26*325 
•26-344 
26-363 
26-382 
2(;-401 

26-419 
26*439 
26*457 
26-476 
26-495 
26-514 
2P>-533 
26*552 
26-571 
26-589 
2O-608 
i**e27 
26*644 
26'$64 


6-750 
8*753! 
8'780 

8-763 
8-768 
8-772 
8-776 
8-781 
8-785 
8'789 
8-794 
8-798 
8-802 
8-807 
8-811 
8-815 
8-819 
8-824 
8-S28 
8*832 
8*836 
8-841 
8-845 
8-849 
8-853 
8*858 
8-S62 

8-870 
S-875 
8*879 
8*883 
8-887 
8*892 
8*896 
8*9<X) 
8-9(4 
8-008 
8-i^lB 
8-917 
3-021 


1 
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No. 
or 
Diani. 

712 
713 
714 
716 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
780 

m 

782 

788 

784 

788 

788 

787 

788 

789 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 
752 

753 


Cireum- 
ference. 


Circular 
Area. 


2289-  yi;.H99272-08 

2248-  10  1(10392-84 
2246-24j40ir>15-lS 

2249-  38  402689-08 
2252-52|4087(;4-.>l> 
225r)-f)6!l04S9ir,O 
2258-81 '40f>020'22 
22(;i-95i407i:)O'41 
22(>:v09  408282-1 7 
22^18-28  409415-7,0 
2271-37ln05:)0-4O 
2274-51  41U)8r»-87 
2277-66  412824-91 
2280-80  418964-52 
2288-94  415105-71 
2287-08  4162-W-46 

2290-  22  417892-79 
2293-36  418588-68 
2296*50419886*15 
2299-65  420835'19 
2302*79  421985-79 
2305-98  428137*97 
2809-071424291-72 
2812-21|425447H)4 
2815-35^426608*93 
2818-501427762-40 
2821-64  428922-48 
2824-78  430084-03 
L^7-92  481247-21 
2881-06  482411-95 
2384-20  433578*27 
2887-35  434746-16 
2340-49  433915-62 
2348-63  487086-64 
2840-77U88259-24 
2849-91: 189133-41 
2858-05  140609-16 
2356-20  441786-47 
2359-84  4429(;5-85 
•2862-48j444145-80 
•28t;5-62!l45827-.^8 


Square. 


Cube. 


I 


50  ;.iU4 
50s;869 
509,796 
511,225 
512,656 
514J)«9 
515,524 

5ir,;96i 

51S.400 
519.841  i 
521^284 
522.729 
524,176 
525,625 
527,076 
528,529 
529,984 
531,441 
532,900 
534,361  . 
535,824  * 
537,289 ! 
538,756 1 
540,225  I 
541,696  i 
543,169 ' 
544,644 
546.121 
547,600 
549,081 
550,564 
552,049  I 
558,58(> » 
555,0-25 
55'J,516 
558.009 
559,504 
5';i,001 
562,500 
5i;4.001 
565.504 
5  h  7.009 


8i>0,944.12S 
862.467,097 
868.994,844 
865.525.875 
867.061,696 
868.601, S18 
870.M»;.282 
871  .♦;9 1,959 
878.24S.000 
874,805,8i;i 
376,857.048 
877,988,067 
879,508,424 
881,078,1-25 
882.657,176 
884/240,588 
8S5,8-2S.852 
887,420,489 
389,01 7,CM)0 
390,617,891 
392,223,168 
898,832,837 
395,446,904 
397,065,875 
898,688,25(> 
400,315,558 
401,947,272 
408,583,419 
405,224,000 

406,869,021 
408,518,488 
410,172,407 
411,830,784 
418,493.625 

415,160,98  ) 
416,882,728 
418,508,992 
420,189.749 
421,875,000 
423,564,751 
424,525.900 
426,957,777 


Square 
Root. 


Cube 
Root. 


26-t;88  8-929 
26-702  8-984 
26-721  8-988 
26-789  8-942 
26-75S.  8-946 
26-777i  8-950 
26-795!  8-954 
26-SI4;  8-959 
26-888i  8-968 
26-851  8-967 
26-870  8-971 
26-889  8-975 
26-907  8-979 
-26-9261  8-988 
26-944!  8-988 
-26-968|  8-992 
26-991 1  8-99(; 


27-000 
27018 
27-037 
27-055 
27-074 
27-092 
27-111 
27129 
27-148 
27-166 
27-184 
27-203 
27-221 
27-289 
27-258 


9-000 


9-008 
9012 
9016 
9-020 
9-023 
9029 
9-033 
9-037 
9-041 
9-045 
9-049 
9-058 
9-057 


27-276^  9-061 
27-2951  9-065 

27-818  9-069 
27-881'  9-078 
27-849  4-077 
27-86S  i)«)Sl 

27-8S!;,  inm 

27-104  9-089 
27-4281  9-091 
27-441]  9-098 


r 


Digitized  by  Google 


CIRCT.KS,  SQUARES,  CUUB8,  BTC 


Circum- 1  Circular 


fVrencp. 


Area. 


27(UMiO|(>OS2 12-84 

27(;7-74:()OiK"'>y:>-42 

2770'89ir)l(MJ8()-()S 

2774-o3;tn28ti(;:n 

2777-17'(;i37:)4-n 
2780-3li(;ir)143-4.S 

2788'i5|(>lGr)34-42 
278G-59  61792(1-93 
2789-73  619821-01 
2792-88  62()71()-(;r) 
279G-02ii;22118-Si) 
2799-16  6235 12-68 

2802-30  62491304 
280544  6263  U-9S 

280a-58  627718-49 
2811-73  629123:.r, 
2814-87  63U530-21 
2818-01  631938-43 
2821-15  633348-22 
2824-29  634759-:>S 
2S27-43  636172-:)1 
2830-58  637587  01 
2833-72  639003-09 
2836-86  640420-73 
2840-00  641839-9.'> 
2843-14  643260-73 
2846-28  644683-09 
2849-43  646107-01 
2852-57  647532-:)  1 
2855-71  648959-58 
2858-85  650388*21 
2861-99  651818-43 
2865-13  653250-21 
2868*27  654683-5(> 
28n-42  656118-48 
2874-56  657554-98 
2877-70  658993-04 
2880-84  660432-68 
2883-98  663873-88 
2887-12  668316-66 
2890-27664761-01 
2893-41 666206-92 


Sciuare. 

774,400 

776.161 

777,924 

779,689 

781,456 

783.225 

784,01)(; 

78(5, 7(;i) 

788.:>  1 1 

790,821 

792,100 

798.881 

79r>ju;4 

797^449 
799.286 
801.02:)  i 

802,81  (; ; 

804,609 

80(;,404 

808.201 

810.000 

811,804 

818,604 

815.409 

817,216  j 

819,025  ; 

820,886 

822,(U9 

824,464 

826,281 

828,100 

829,921 

831,744  I 

888,569  ! 

885,896  i 

837,225 

839,056 

840;889 

842,724 

844,561 

846,400 

848,241 


Cube. 

681,472,000 
88,797,841 
86,128,9i;8 
88. 4()5. 887 
1)0,807,1(14 
98,154,125 

95,5()t;,  15(; 

697,864,108 
00.227,072 
02,595,8(;9 
04,969.000 

07,847,971 
0i>,782,288 
12,121.957 

714,516,984 
16,91  7.875 
19,828,186 
21,784.278 
24,150.792 
26,572,(;99 
29J)00.000 
81,482.701 
88.870.808 
8(;.814.827 
88,7(;8.2(;4 
41.217.625 
48,677,416 
46,142,r,48 
48.618,812 
51.089,429 
58.571,000 
56.058,081 
,)  8,5  5  0,5  2  8 
61.048,497 
(;8,o5 1,944 
66.060,875 
68,575.296 
71.095.218 
78,620,(;82 
76,151,559 
78,688,000 

781,229,961 


Uoot.  I  Root. 


29-6651  9-583 
29-i;82 
29-698 
29-715 
29-782 


2!l-749 

29-766 

29-782 

29-799 

29-81(; 

29-888 

29-850 

29-866 

29-888: 

29-9O0| 

29-916 

29-1188, 

29-950 

29-9i;7 

29-  988 

30-  OOOj 
80-017 
80-088: 
80-050 
80-06(;i 
80-088 
80-100 
80-116. 
80-188 
80-150 
80-168 
80-188 
80- 199 
80-216, 
80-282 
80-249 
80-265 1 
80-282 
80-298j 
80-815' 
80-881 1 
80-818' 


9-586 
9-590, 
9-594  ; 
9-597  i 
9-601  . 

9-604  , 
9-608  ; 
9-612 
9-615  , 
9-619  , 
9-028 

9-626 
9-680 
9-688 
9-687 

9-r>40 

9-(;44 
9-648 
9-651 
9-655 
9-658 
9-662 
9-66G 
9-669 
9-678 
9-67(; 
9-680 
9-688 
9-687 
9-690 
9-694 
9-(>98 
9-701 
9-705 
l>-708 

9-712 
9-715 
9-71S 
9-722 
9-726 
9-729 


28 


MATHEMATICAL  TABLES. 


i>  O. 

or 
Diiiiii. 

Circmn- 
fV'reiice. 

Cii-cular 
Area. 

Sriuarc. 

1 

Cul>e. 

838 

2l)32-(;i 

'►5ir>41*l.') 

/  02,244 

.-)88, 4SO,4  r2 

839 

2li35-8(l 

.">52858-2r» 

703/j21 

;>90,589,/19 

840 

2038-94 

:):)4l70-94 

705,000 

.)92, 704,000 

841 

2(U2-08 

r):>:>497-2(J 

707,281 

.)94, 823,321 

842 

2 1)45 -22 

r)50819-(i2 

708,904 

.)90,947.()88 

843 

2(;48-3i; 

5r)81 42-42 

710,049 

.)99,077,10i 

844 

2(;:)i-:>o 

:)r)94r»7-39 

712,330 

(;01. 21 1,584 

845 

2(;:)4-i;r» 

:)00793-92 

714,025 

(;03,351,125 

846 

2(;r>7-7i) 

:)02122-()3 

715.710 

005.495.730 

847 

2(i(;()-L'3 

:>034:)l-7l 

717,409 

(;O7,045,423 

848 

2(;(;4-o7 

:)04  782-90 

719,104 

009.800,192 

849 

2«;i;7-L'i 

:)00lir>-7s 

720,801 

011,900.040 

850 

2(;7(>35 

-)074:)()-17 

722.500 

014,125,000 

851 

2(;73-:)n 

')i;s7S(;-i4 

724,201 

()  10,295,051 

852 

2i;7(;-i;4 

')  701 23-07 

725.904 

i;  18,4  <  0,208 

853 

2i;7li'7S 

")71 402-77 

727,009 

(;2O,05O,477 

854 

2(;82-i)2 

')72.so3-4:> 

<29,31(» 

(>22.83o,8(j4 

855 

2i;sf)Mi:; 

5711  i:)-09 

731,025 

(ilJ.».01:(>.o  < '} 

856 

2G8  9-2(1 

:)7:)4si)-:,i 

732.730 

'  027.222,010 

857 

2i;92-3:> 

57083 1  •9() 

734,449 

(;2!K422,793 

858 

2(;9:>-49 

578LS1'S5 

73(;.1(;4 

()3L02S,712 

859 

2098-03 

57953()-3S 

737.S81 

()33,83iK779 

860 

27IH-77 

5S()SS0-1S 

7H'.»,(>00 

030,050,000 

861 

27U4-91 

5S2232-15 

741.321 

038.2/  /  .381 

862 

27()S-():) 

5.S35S5-39 

7  13,044 

04O..)O3.92S 

863 

2711-19 

58494()-21 

744,709 

()42,73o,()4/ 

864 

2711-34 

58f)29(;-59 

7I(;!490 

044,972,544 

865 

2717-4:) 

5S7054-54 

7IS.225 

(;47,214,(»2.) 

866 

2720'(;2 

5S9l)14-()7 

74  9,95(; 

749,4(;i,890 

867 

2723-70 

59()375-l() 

751,(;89 

().)l.i  14,3()3 

868 

2720-9(1 

591737-S3 

753.424 

().)3,9<  2.032 

869 

273()-()4 

5931()2-(M) 

755.1 01 

(;.)0,234.9O9 

870 

2733  19 

■)94407-87 

750,1>00 

0.)8,.>O3,OO0 

871 

273fr33 

595S35-25 

75S,(;41 

0()0,7/f),31 1 

872 

2739-47 

597204-20 

700,384 

(;()3.0.)  t,848 

873 

2742-01 

')9.^574-72 

7(;2.I29 

0i».>,:i38.(>l  < 

874 

2  74") -75 

591^9 1(>-S1 

/(;3.Sj(; 

0()i  .(»2<  ,(>2 1 

875 

2748-S9 

501320-47 

705,025 

0(;9,92 1,875 

o7o 

2/.)2*(J4 

)02()9.)  /  0 

"  I'  "  O 

1  Im  .o  i  () 

()  /     JJ  I  ,o  <  u 

877 

27r):)-18 

104072-50 

7(;9.129 

074.520,133 

878 

27:)S-32 

)05450-S8 

770,S81 

(;70.S30,152 

^79 

2701 -4 1". 

">O0.S30-82 

772;041 

079.151.439 

Square 
Root. 


Cul>e 
Root. 


28-948, 

28-  9051 
2S-983I 

29-  000| 
29-017; 
29-034! 
29-052! 
29-009' 
29-08(; 
29-103 
29-120 
29-138 
29-155 
29-172' 
29-189; 
29-200! 
29-223 1 
29-240 
29-257; 
29-274 
29-292 
29-309| 
29-32(;! 
29-343' 
29-300' 
29-377| 
29-394  • 
29-411; 
29-428' 
29-445' 
29-4()2 
29-479- 
29-490; 
29-513] 
29-5291 
29-540' 
29-5()8' 

29-580i 
29-597: 


Digitized  hv  C'oo 


CIRCLES,  SQU.VKES,  CUBES,  ETC. 


Circum- 
ference. 


Circular 
Area. 


27(U 
27(u 
2770 
2774 
2777 
2780 
2788 
27Si; 
2781) 
2792 

27i)(; 

27U9 
2S02 
2S05 
2808 
2811 
2814 
2818 
2821 
2824 
2S27 

2s:io 


2836 
2840 
2843 


2849 

2Sr>2 
2855 
2858 


2805 
2868 
2871 
2874 
2877 


2880-84 


2883 
2887 
2890 


♦;()i(;082 12-34 
74i009595-42 

,s9r»iin)S()-(is 

03|(;]23lirr31 
17  (',13754  11 
31.'(>1 5143-48 
15!i;i(»534-42 
59V,1792i;'9:i 
73  r,  11)32 1-01 
88  l)2071(r{;(; 
02  r,221 13-89 

iih;23512m;s 

3oj<>24913-04 
41;(;2(;314-9S 

5Slr.27718-49 
73|<;29123-5(; 
87(;30530-2l 
01  H3 1938-43 
15U;33348-22 
29f)34759'5s 
43  r,3(;i72-5l 
58  i;37587-Ul 
<2  i;39003-O<> 
80  040420-73 
00  tU  1839-95 
14  (i432<)0-73 


2840-28  044<)83-09 


43 
5  7 
71 
85 


13 

27 


(;40107-01 
047532-51 
048959-58 

050388-21 
99  051818-43 


053250-21 
054083-50 


12  0501 18-48 


50 
70 


057551-98 
058993-04 
00O432-(;.^ 
i;01 873-88 
003310-Oi; 
004  701-01 
2893*41 4>6ii200-92 


98 
12 
27 


S<iiiaro. 

774,400 
770,101 
777,924 
779,(;89 
781,451; 
783.225 
784,990 
7S<;j09 
78S.:,4I 
790,321 
792,100 
793,8X1 

795.<;04  ; 

797.149 

799.230 

801.025 

802.81 0 

8O4,r,09 

800.404 

808.201 

810.000 

811.S04 

813.004 

815.409 

817,216 

819,025 

820,830 

822,049 

821,404 

820,281 

828. lOO 

829,921 

831,744 

833,509 

835,390 

837,225 

839,050 

840;889 

812.724 

844,501 

840,400 

848,241 


Citbe. 

081,472,000 
083,797,841 
(;S(;,128,908 
0S8!  105,387 
09(),S07,104 
093,154,125 
095,5()(;,450 
097,804,103 
70(1.227,072 
702,595.3(;!) 
7(i4.90!».(MM) 
707,317.971 
709,732.288 
712,121.I>57 
714,510,984 
7 10,91 7,375 
719,323,130 
721,734,273 
721.150,792 
720.572. f'»'.tO 
729,000.000 
731,432,701 
733.870.808 
730,314,327 
738,7(;3.2(;4 
741,217,025 
743,077,410 
740,142,043 
748,013,312 
751,089,129 
753,571,000 
750,058,031 
758,550,528 
701,048,197 
7(;3.55 1,944 
700.000,875 
708.575.290 
771,095.213 
773,020,032 
770,151,559 
778.088,000 
781.229.1)01 


Uoot.  I{«»<»t. 


29-005 

29-(;82 

29-098 

29-715 

29-732 

29-749 

29-700 

29-782 

29-799 

29-810' 

29-S33f 

29-85() 

29-8(*>0! 

29-883; 

29-900' 

29-910, 

29-933^ 

29-950. 

29-907, 

29-  9831 

30-  000 
30-017; 
30-033 

:{o-050 

30-000 

30-083' 

30-100 

30-110 

30-133 

:^0-150 

3U-103 

30-183 

30-199 

30-210, 

30-232 

30-249; 

30-205 

30-282 1 

30-2981 

30-315' 

30-331  j 


9-583 

9-580 

9-590 

9-594. 

9-597 

9-0O1 

9-(;o4 

9-008 
9-012 
9-015 
9-019 
9-023 
9-020 
9-030 
9-033 
9-037 
9-040 
9-044  . 

9-048 : 

9-051  , 
9-055 
9-058 
9-0i;2 

9-o(;o  I 

9-009  ' 

9-073 ; 

9-<;7(; 

9-080 

9-083  '■ 

9-087 

9-090 

9-094 

9-098 

9-701 

9-705 

9-708 

9-712 
9-715 
9-71S  ; 
9-722  ; 
9-720  j 
9-729 


^    by  Google 
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MATHEMATICAL  TABLES 


No. 
or 
Diam. 

cum* 

ference. 

Area. 

Sqiure. 

Cube. 

S(iuare 
Root. 

• 

Cube 
Boot. 

838 

702,244 

7)88,480,472 

2S-948 

9-428 

839 

703,921 

7)90,589,719 

28-905 

9i32 

840 

r)o417(r94 

7or.,00() 

592.704;000 

28-983 

Mas 

841 

»<)  t  »  I/O 

'i  •}  •}  X  %J  t        '  ' 

707  '>81 

594.^23,321 

29000 

842 

708. Di;  4 

590.947.08S 

29-01 7 

9-W3 

843 

••"'T*'  •IV' 

710,(;49 

599.077.107 

2(^-034 

9-447 

844 

« >  >  •  1  1    .  >  >  ' 

712,331; 

001 .211,584 

29-(.)52 

9-45(1 

845 

„  1 >. »  1   < >.  ( 

714  0'^") 

003  351  r>5 

29-009 

9-454 

846 

— (1.)  i  4,1 

•  tit  ^  I  ^  ^  >'•) 

71 "»  71(» 

(;05  405  730 

29-080 

9-458 

847 

".r/^  I M  -71 

71  7  409 

007  045  4'>3 

29-103 

9-401 

•>i'.r.  1  ■(  I" 

71    1 04 

0(10  SOO  1  9*^ 

29-120 

9-4G5 

849 

~  1 J  <  I  1  ..1 

720,801 

(ill  9(;o  019 

29- 138 

9-46D 

850 

-,r,7  1  "■»(  i-1  7 

■  )ll4r>'<'  1  4 

7*'-^  7)00 

(114  l').-)  000 

29-155 

851 

W  A 

_()/•>  .Ml 

'*.'<7v;(;' 1  I 

) ,  ( ,~  4  i~  n  11 

7*>4 

on;  *>95  051 

2  9- 172 
291 89 

9478 

852 

w  w 

a.  T  1  1   I  1     I  i  I 

727).  904 

(;  IS. 4  70/208 

9-4S0 

853 

•^(»79-7S 

')71 4li'^'77 

727.G09 

(;2oiG50,477 

29-200 

9488 

854 

5  72803"  4.") 

729,3ir. 

022.835,804 

29-223 

9-4«7 

855 

2(»S<r()'l 

")74  1 4 7) -GO 

731,02:> 

(;25.02i;,375 

29-240 

9-491 

856 

—  Uo»/ 

'»7'»  1 

73  '  73(') 

'  c-JT  Ooo  olO 

29-257 

9-495 

Ou  1 

Zil.'J  .>.) 

•  >  /  Do.l  t  ' 

7-U  44M 

f;*^9  4*>'>  793 

29-274 

9-499 

85  R 
ooo 

.<).'•)  i «' 

• )  4  O  i  <~  1      • ' 

73r)  H'»4 

4  •»'»,  l'»  t 

(;31  0*^s  71  *> 

29-2I>2 

9-502 

R5Q 

737  S81 

(;33  839  779 

29309 

9-5<)f> 

860 

WW 

•'701  -77 

'risosso-  IS 

739, COO 

03f;.o5(;,ooo 

29-320 
29-S4B 

9*SU9 

861 

•^7()4-*n 

-,S->->.S>'17> 

*''       hm*/m  I*' 

741.321 

i;38.277.3Sl 

9-518 

862 

•>708-or) 

."»,s8r»s:)-3i> 

743,044 

04O.5O3,92S 

29-300 

9-517 

863 

www 

*^7n-i<» 

;)S  1*^140-^1 

744,709 

(;42,735,(;i7 

29-877 

9-520 

864 

w  W^ 

•>71  l-'M 

74(;  491) 

(;44  97-^  514 

29-394 

9-524 

865 

7 IS  *''^7) 

i;47  *M  4.(;*^5 

29-411 

9-528 

866 

•>7'>(i.i;>) 

*»S'M M  I '07 

749  O.*)!; 

749  li;  1.890 

29-428 

9-532 

867 

.")0037r)-I«i 

77>i  j;s:» 

(55 1.714, 303 

29-445 

9-585 

868 

•>7*>fr!Mi 

73  7*  S3 

77)3^124 

053.il72.o32 

29-4i>2 

9-539 

869 

www 

*' 780-04 

">'I.H  1  o*>-oi) 

7  •">  7) ,  1 1  >  1 

(;5(;. 234.909 

29-479^  9-543 
29*4  90  •  9-54« 

870 

W  •  V 

27381M 

')«)44i>7\S7 

77>(;.900 

(;58, 503,000 

871 

M  1  «^  t  J  Mi/ 

5')r)S35-\") 

77»S,(;41 

0(;0^770,311 

29-513 

9-550 

872 

•>  73  0*4  7 

'>l)7204-20 

70O.3S1 

0(;8.O5  1,848 

29-529 

9-554 

873 

*>74'^'(;i 

')l>sr)71-7*> 

w%'^'*r9    t     V  as 

7(;2.12!> 

(;!;5,3.38,<;i7 

29-540 

9-0.)  i 

874 

W  1  A 

*^74r)'7r> 

■/t't't'i*'  • 

7<'>3.S7«; 

0(;7.r)27,024 

•29-503 

9-501 

875 

iOl  3''0*47 

7(;:)  (;-'7) 

0(59.921,875 

2!)-58(l 

9-5()5 

876 

;o2(;ii.">-7o 

707.37(5 

(;72.22l,37() 

29^597 

9-508 

877 

27.).)-l8 

i   k    A    1   ft  ^  -  \       ^    1  k 

:>UlO/2'.)0 

7(;9.r29 

071.520,133 

29-014 

9-572 

878 

27:)8-32 

50:>i:)0-ss 

77o,ss^ 

(;70.s3i;,152 

29-031 

9-575 

879 

2701-40 

3U(j830-82 

772,041  l_079._ir.l,439_ 

29-(;48 

9-579 

1  m 

So. 
)iain. 

CirtJiun-  j  Circular 
lerence.  Area. 

1 

SquarP. 

—  — 

Cube. 

880 

27r»iM;():(;()S2l2-34 

774,400 

681,472,000 

881 

27i;7'7'I 

i;09595-42 

776,101 

()83,797,841 
r>86,128,9h8 

882 

2770-SJ) 

<;i0980-os 

777,924 

883 

2774-(i;i 

(;i23(;<;-3i 

779,089 

688.40o.38/ 

884 

2777-17 

()13754-11 

781,450 

(;90,807,104 

885 

2780-:uuw:)14:ms 

783,225 

093,li)4,12i> 

886 

2788-4:) 

«;ni:,34-42 

784.990 

095,50(;,45(> 

887 

27cSi;-:)i< 

(;i792(;-93 

780,709 

097,804,103 

888 

2789-73 

<U  9321-01 

78S,:,11 

700,227,072 
<02,.»9.),309 

889 

2792-88 

i;207H;-i;f; 

790,321 

890 

270frO2 

(•)221  13-S9 

792,100 

<(J4,9(»9,000 

891 

271)D-1<; 

(;-23:)i2-r,s 

793,881 

1 07,84 /,9  / 1 

892 

2802-80  i;24ili:V04 

795.004 

709.732.288 

893 

2so:»-44,(;2(;:ni-i>s 

797,449 

712,121.957 

894 

2808-r)8 

027718-19 

799.230 

i  14,510.984 

895 

2811-73 

(;291 23-5(1 

801,025 

<  10,91  i  ..><•> 

896 

2814-87' 

(J3053O-2 1 

802,810) 

i  19,323,130 

897 

2818-oi,i;311>.Ss|;i 

8O4,0(>9 

721,734.273 

898 

2821-1:) 

i;3334.^-22 

800.404 

724.1511.792 

899 

2824-21) 

(;34759-5S 

808,201 

72(»,5<  2,099 

900 

2827-4:5 

i;3<;i  72-51 

810.000 

729.000,000 

901 

2S30-:)8 

1)37587-01 

811.804 

<  31.432,/ 01 

902 

2833-72 

i;390O3-O9 

81 3.0.1  M 

733.8  <(>,808 

903 

283<r8(; 

t;40420-73 

815.109 

73(1.314,32  ( 

904 

2840-00  (i41831)-0:> 

817.210 

73S. 703.2(54 

905 

2843-14  i;432(;0-73 

819,025 

741,217.025 

906 

284r)-28 

r.41l>83-09 

820.830 

743,077,410 

907 

2841)-43 

<;4(U07-01 

822,(149 

,40.142,()43 

908 

2852-57 

G47532-51 

824^404 

748.013,312 

909 

2855-71 

048959-58 

82(>.281 

/.)  1.089,429 

910 

2  8  58 -85 

05O3S8-21 

828,100 

753,571,(JOO 

911 

28r>]-09 

051818-43 

829,921 

7;)0,0.>8,031 

912 

2SG513 

053250-21 

831,744 

758,550,528 

913 

2808-27 

054083-50 

833,509 

/Ol,048,49« 

914 

2871-42 

t>50 118-48 

835,390 

7(»3,. 00  1,94  4 

215 

2874-50 

i;57551-98 

837.225 

i  00.000,8  <•> 

916 

2877-70 

(;58993-04 

839,050 

708.;)/.), 290 

917 

2880-84 

(;00432-08 

840;889 

7<  1,09.).213 

918 

2883-98 

001873-8S 

842,724 

773,02O,(J32 

919 

2887-12 

00331i;-00 

oil     /  '  1 

844, .)bl 

i  i  I), loi , •)')£; 

920 

2890-27 

0(;4  7(;i-oi 

840^00 

778,088;000 

m 

2893-41 

(;002OO-92 

848,241 

781,229,961 

Root. 


29-665 

29-682 

29G98 

29-715 

29-732 

29-749 

29-766 

29-782 

29-799 

29-816 

29-833, 

29-850 

29-866 

29-883 

29-900, 

29-916! 

29-033| 

29-950| 

29-9(>7 

29-  983 

30-  000| 
30-017. 
30-033  j 
30-050 
30-00(; 
30-083 
30-100: 
30-116, 
30-133 
30-150| 
30-163 
30-183 
30-199 
30-210 
30-232 
30-2-49 
30-205 
30-282 
30-298 
30-315 
30-331 
30-348 


CulM 


9-583 
9-586 
9-59Q 
9-594; 
9-597 
9-601 
9*604 
9-608 
9-612 
9-615 
9-619 
9-623 
9-626 
9-630 
9-633 
9-637 
9-640 
9-644 
9-648 
9-651 
9-655 
9-658 
9-662 
9-666 
9-609 
9-673 
9-676 
9-680 
9*683 
9-687 
9-690 
9-694 
9-098 
9-701 
9-705 
9-708 
9-712 
9-715 
9-718 
9-722 
9-726 
9-729 
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No. 
or 
Uiuiii. 


923 
924 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
950 
951 
952 
953 
954 
955 
956 
957 
958 
959 
960 
961 
962 
968 


Circum- .  Circular 
ference.  Area. 


2896-55  6676o4-41 
2899-69j669103-47 
2902-83!670554 
2905-97|()72()(M) 

2i)i2-2(;;r,74i)ir> 
2iiL'')-40(;7<;:i72 

20LS-:)4(;7783U 
2U21-(>8  071)21)0 
2924-82'()807:)2 
2i)27-i)(;(>822L''> 

2i):n-iiir)88(;so 
2i»34-2:>08:)i  m; 

2i»37-31)(;si;i;ii 
21H()-:).S  (;ssn64 
21)43-07  (isii:)."):) 

2i^H;-Sl  (;i)1027 
2D49-iM;  092:)()2 
2953-1U0D8D77 
2i)r)()-24  095455 
21)59-38  09()1)3I 
21)(;2-52(;98414 
2905-(;0  (;99890 
29!;S-81  701380 
2971-95702805 
2975-O0|70L352 
2978-23,705840 
2981-37707330 
2981-51 '708821 
2987-00j7103I4 
2990-80'711809 
2993-94  713305 
2997-08  714803 
3000-22  71()302 
3003-30  717803 
300G-50  719306-12 
3009-65  720810-16 
3012-79  722315-77 
3015-93  728822-95 
3019-07  726331-70 
3022-21  726842-02 
3025-33  728353-91 


10 
30 
08 
42 
33 
82 
87 
50 
09 

4(; 

81) 
71 
19 
24 
80 
05 
82 
15 
00 
53 
5S 

28 
38 
14 
47 
37 
84 
88 
58 
08 
48 
70 
00 


Square. 


Cube. 


850,084 

851,929 

853,770 

855,025 

857,470 

859,329 

801,184 

8(;3,041  i 

8(;4,900  i 

8(;(;,7(;i  | 

8i;8,024  ' 

87(1.489 

872.351; 

874,225 

87<;.()90  ; 

877,909 

879,844  ' 

881.721 

883,000 

885.481 

887,304 

889,249 

891,130 

893.025 

894,910 

890,809 

898,704 

900, (;oi 

902,500 
904,401 
900,304 
908/209 
910,110 
912,025 
913,936 
915,849 
917,764 
919,681 
921,600 
923,521 
925,444 
927,369 


783,777,448 
786,330,467 
788,889,024 
791,453,125 
794,022,770 
790,597,983 
799,178,752 
801,705,089 
804,357,000 
8I>(),954,491 
809,557,5i;8 
812,H;0,237 
814,780,504 
817,400,375 
820,025.850 
822.(;50,953 
825.293,072 
827,93f;,019 
830.584.000 
833,237^021 
835.890,888 
838,501^807 
841,232,384 
843,908,(i25 
840,590,530 
849,278,123 
851,971,392 
854,(;70,349 
857.375,000 
8(;o,085.351 
802,80  L408 
805,523,177 
808,250,004 
870,983.875 
873,722,810 
876,467,493 
879,217,912 
881,974,079 
884,736,000 
887,503,681 
890,277,128 
893,056,847 


Square 
Root. 


5211 
545 
5(il 
578 
594 


30-864 
30-381 
30-397 
30-414 

30-430 
30-447 

30-4  (;3 
30-479 
30-49(i 
30-512 
30 
30 
30 
30 
30 

3o-(;iu 

30-r>27 
30-043 
30-(>59 
30-07ii 
30-092 
30-7OS 

30-724 
30-741 
30-757 
30-773 
30-790 
30-800 
30-822 
30-838 
30-854 

30-871 
30-887 
30-903 
30-919 
30-935 
30-951 

30-  9G8 

80-  984 

81-  000 

31- 016 
81-082 


Cabe 
Root 

9-7W 
9-7S6 
9-740 
9-74S 

9-747 
9-750 
9-754 
9-757 
9-701 
9-704 
9-708 
9-771 
9-775 
9-778 
9-783 
9-785 
9-789 
9-792 
9-79i; 
9-799 
9-803 
9-80() 
9-810 
9-813 
9-817 
9-820 
9-823 
9-827 
9-830 
9-834 
9-837 
9-841 
9-844 
9-848 
9-851 
9-854 
9-858 
9-861 
9*865 
9-868 
9-872 
9-875 
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No. 
or 


m. 


967 


970 

971 

97^ 

973 

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

995 

996 

997 

998 

999 


mil 


Cinruin- 


8037-92 


Circular 


3028-50  729867-37 
3031-64  731382-40 
3034-78  732899-01 


3041  06  735936-93 
3044*20  737458-25 


3047-35 


3056-77 
3059-91 


784417-18 


738981-13 


3050-49  740505-59 
3053-63  742031-62 


743559-22 
745088-39 


306305!  74661913 
3066-19174815144 
3069*34  749685-32 
3072-48751 220-78 
3()75'62  7."»2757-80 

3078'7(>;7r>429r)-40 
30S1-9U /:)588(>-r>() 
3085-()4|757378-3(> 

:^()S8-i97r)8C)2i-i;i 

3Oin-33:7()04G()-4S 
30i)4-47l7(>2()12-93 
8U97-61i7<)3r>*)(H)5 
3100-75'76511IK)i 
8103-89,7(^(;<ii;i-71 
81(>7-()4!7G8214-44 
811O-18'7(;07<;8-74 
:U13-32j771324-61 
311(>-4()  772882-0() 


3119-60 
3122-74 
8125-89 
3129-08 
8182-17 
8185-81 
3188-45 
8  141 -(50 


774441-07 
77r)001-6(; 
777568*82 
779127-54 
780n92-84 
782259-71 
788828-15 

7s:):^9.^-ir) 


Sc^iiare. 


Cube. 


929,296 
931,235 
933,156 
935.089 
937,034 
938,901 
940,900 
942,84a 
944,7ai 
946,729 
948,676 
950,625 
952,576 
954,529 
95<;,484 
958.441 
960,4  00 
!MI2,8i;i 
<h;4,824 

im;<V289 

9i;8,256 
970,225 
072,1% 
1)71, 1(;9 
976,144 
978,121 
980,100 
982,081 
984,0(;4  I 
98(;,049  , 
'iSS,08(7  ' 
!)1)0,(I25 
992,0 ](>  ! 
994,0i)')  ' 
99(),004 
998,001 
1,000,001) 


895,841,344 
898,632,125 
901,428,696 
904,231,063 
907,039,232 
909,853,209 
912,673,000 
915,498,611 
918,330,048 
921,167,317 
924,010,424 
926,859,375 
929,714,176 
932,574.833 
985,441.852 
488,313,789 
941,192,000 
911.076,141 
946.9(i(;,I<iS 

949.862,087 
952,768,904 
955,(;71.(>25 
958.585.25(; 
91'.  1.501.808 
9<;4, 1:^(1,272 

9i;7,:;<;i.<;r,9 

970.299,000 
978.242,271 
976,191.4ss 
979,14(N<i57 

982,107,784 
985,074. ><75 

9S.S,047,98'; 
991,02i;.978 
994,011.992 
9'.)7.OO2.099 
i  .000,000,000 


.Siiuaif  \  Cube 

Hoot.  '  Hoot. 
I 


31-048,  9-878 
31-064  9-881 
31-080 1  9-885 
31-097'  9-889 


31-113 
31-129 
31-145 
31-161 
31-177 
31193 


9-892 
9-895 
9-899 
9-902 
9-906 
9-909 


31-209'  9-912 
31-225'  9-916 
31-241  i  9-919 
81-257!  9-923 
81-273  9-92<; 
81-289  9-929 
81-805  l)-988 
81-821  9-98() 
81-887  9-940 
81.858  <,)-948 
81-869  9-946 
81-885  i)-l)50 
81-401  9-958 
8l-41i;  9-95(; 
81-482  9-9«;o 
8l-44si  <)-ii(;8 
81-464 
81-480 


81-496 

81-512 

n-52> 

U-54  . 

:;i-55: 

81-575 

81-591 

:U-607 

81-628 


9-966 
9-l>70 
9-978 
9-977 
9-980 

:i-9s:: 

9-9S7 
9-990 
9-998 

9-  997 

10-  OOU 
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Table  2. — Circles  :  Diametkr  (from  ^  to  120), 

ClHCUMF£&£NC£,  A^D  ABBA.* 


Dia- 
lueter. 


i 

3 

Tii 


s 

15 
S 

t 

i 

Tn 

m 

I 

8 

i'" 

n 

H 

li 

li 

i» 

It* 

IS 

11', 
1^ 

1-15 

2 

If 


Circuni- 
lereuce. 


•81127 
•5890 
•7854 
•9817 
1-1781 
1-8744 
]-:)7U8 
1-7771 

1-  9(;8:> 

2-  1598 
2-3502 
2-5525 
2-7489 

2-  9452 

3-  141G 
8-3379 
3-5343 
3-730(; 
3-9270 


4-1233 
4-3197 
4-5100 
4-7124 

4-  9087 

5-  1051 
5-3014 
5-4978 
5-G941 

5-  8905 

6-  08(>8 
G-2832 
(>-4795 
(Vr)759 
(;-8722 

7-  of>sn 

7-2049 
7-4G13 
7-6576 
7-8540 


Area. 


•00307 
-01227 
•027G1 
•04909 
•07070 
•1104 
•1503 
•1903 
•2485 
•3(108 
•3712 
•4417 
•5185 
•0013 
•0903 
•7854 
•8866 
•9940 
M075 
1-2271 
1  -8530 
r4848 
M;229 
1^7071 

1-  9175 
2^0739 
2^2305 

2-  4052 
2-5800 
2-7011 

2-  9483 

3-  1410 
3-3380 
3-5405 
3-7584 

3-  9700 

4-  200  ) 
4-4302 
4-7066 
4-9087 


Dia- 
meter. 


Circiiiii- 
fercDce. 


Area. 


23 

2iJ 

2i 
211 

2| 
3 

H 

3i 
si. 

3i 
H 

315 

4"' 

4i 

H 

H 
H 

n 

4^ 
5^ 


8-0503 
8-2407 
8-4430 
8*6394 

8-  8857 

9-  0821 
9-2284 
9-4248 
9^0211 
98175 

10-014 
10^210 
10^400 
10^002 
10-799 

10-  995 

11-  191 
11-388 
11-584 

11-  781 
ir977 

12-  173 
12-369 
12-566 
12-762 

12-  959 
18-155 

13-  351 
13-547 
13-744 

13-  940 
14137 
14^333 
14529 

14-  725 

14-  922 

15-  119 
15-315 
15-511 
1 0-708 


5-1573 
5-4119 
5-0723 
r)-l)895 
0-2120 
0-4918 
0-7772 
7-0080 
7-30<;2 
7-()099 

7-  9798 

8-  2957 
8-0180 

8-  9402 

9-  2807 
9-0211 
9-9680 

10-320 

10-  679 

11-  044 
11-416 

11-  798 

12-  177 
12-566 

12-  902 

13-  364 

13-  772 

14-  186 

14-  606 
15033 

15-  465 

15-  904 

16-  349 
10-800 

1 7-  257 

17-  720 

18-  lSO 

18-  665 

19-  147 
19-685 
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1  Dia- 

Area. 

Circttm- 

Area. 

1  meter. 

ferenee. 

meter. 

ferenoe. 

■  —  

20-129 

29-452 
i  29-845 

  . 

69-029 

Krino 

2()-<;29 

9i 

70-882 

5  A 

21185 

80-287 

72-759 

21-(J47 

9i 

*  80-<;80 

74-ri62 

5,=-. 

22- KH) 

9J 

8 1  -<  )28 

76-588 

11 

22 -(J  90 

10 

81-416 

78-540 

irt 

si 

17-OS2 

28-221 

104 

81-.S08 

80-515 

17-278 

28-758 

82-201 

82-516 

H 

17474: 

24-801 

82-594 

84-540 

l7-r»71 

24-850 

82-986 

8(;-590 

1 7-s(;7 

25-4(m 

88-879 

88-6(»4 

lS-0(>4 

25-9()7 

10/ 

88-772 

90-762 

5l3 

lS-2f>l 

2(;-585 

104 

84-164 

92-885 

18-457 

27-108 

11 

84-558 

95-088 

6 

i8(;r)3 

27-G88 

Hi 

84-950 

97-205 

1S'84J> 

28-274 

Hi 

85-848 

99-402 

6S 

rj-242 

29-4<i4 

in 

8.»-/.'v.» 

101-628 

8(h;79 

in 

8r,-128 

108-869 

6i 

2U-027 

81-919 

8(;-521 

1(M)-189 

20-420 

88  188 

11^  ' 

8r)-9l8 

108-484 

20-8 

84-471 

H4 

87-806 

110-758 

ej 

21-2l>r) 

85-784 

12 

87-(;9!> 

118-097 

2i-r>i»8 

87-122 

12i 

88-091 

115-466 

7 

2 1 -Din 

88-484 

12\ 

88-484 

1 1  7-859 

22-388 

89-871 

12% 

88-877 

120-276 

22-77r» 

41-282 

89-270 

122-718 

28-l<>l» 

42-718 

12g 

8!)-(;62 

125-184 

n 

28-:)(;2 

44-178 

12-^ 

40*055 

127-<;76 

n 

28-954 

45-()(>8 

40-448 

180-192 

24-847 

4  71 78 

13 

40-840 

182-782 

n 

21-740 

48-707 

13J 

4 1  -283 

185-297 

8 

25-182 

50-2()5 

13} 

41-(;26 

187-88(> 

25-515 

51-848 

13g 

42-018 

140-500 

H 

n 

25-918 

58-456 

13Jr 

42-411 

148-189 

2<;-810  i 

55-088 

13| 
13^ 

42-804 

1 45-802 

2H-708  i 

5()*745 

48-197 

148-489 

H 

o 

27-Oi)B  i 

58-426 

13i 

48-589 

151-201 

H 

27-489 

60-182 

14 

48-982 

.  158-988 

H 

27-881 

r>  1-862 

14i 

44-875 

15r>-699 

9 

28-274  i 

()8-617 

14i 
14^ 

44-767 

159-485 

28-<;ii7  ; 

65-896 

45-160 

162-295  \ 

»4 

67-20U 

14i 

45*553  < 

165-iao  { 

1) 
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i'la- 
iiieter. 

Ci  renin - 

1 

Area.  i 

Dia- 

Circam- 

1 

Area. 

ti 

45*045 



107-989 

Idi 

02*439 

310915 

4 

1  70-873 

20 

02*832 

314*160 

o 

4«3-731 

173-782 

20? 

03*224 

31 8*099 

15 

4  7- 124 

170-715 

204 

r»3-61  7 

161 

47-516 

179-072 

20^ 

04-010 

3*^n*051 

151 

47-909 

182  054 

20A 

04-402 

330*004 

16^ 

4.S-S02 

185*661 

205 

04*795 

334-101 

15^ 

48'(;'J4 

188  092 

20^ 

65-188 

338- 163 

16l 

4yO<S7 

191-748 

20^ 

05*580 

342*250 

165 

49-480 

194-828 

21 

05-973 

346*361 

16J 

49-872 

197-933 

21\ 

3  50-4  Q  7 

16 

5U-265 

201 -002 

214 

00*759 

354-657 

I6i 

50*058 

204-210 

21i4 

07*151 

358*841 

16i 

51*051 

207-394 

21^ 

()  7-544 

3f;'^-o^i 

16^ 

51*443 

210-597 

21 5 

7-937 

367-284 

16^ 

51 -830 

213-825 

21^ 

08-329 

371-543 

^y  f  1    • '  *.  ty 

52-229 

217  077 

211 

08-722 

375*826 

162 

52*021 

220*353 

22 

Ar 

09*115 

380-133 

16i 

53-014 

223*054 

22  i 

69-507 

384-465 

17 

53-407 

220-980 

224 

388-822 

53-799 

230-330 

22| 

70*293 

393*203 

4- 

541 92 

233*705 

22A 

Ar  •  J 

70*086 

397*608 

IS 

54-585 

237*104 

22l 

71*078 

402-038 

17^! 

54-978 

240-528 

224 

71*471 

400-493 

55*370 

243-977 

221 

71*864 

410*97*^ 

17^ 

55-703 

247-450 

23 

72*25(> 

41 5*476 

175 

5(;-j56 

250-947 

23^ 

72-649 

420004 

18 

50-548 

254*469 

234 

73*042 

424*557 

50-941 

258-016 

23^ 

73*434 

429*135 

Mi  md  %/     X  \J  •  ' 

18i 

57*334 

201-587 

23A 

73*827 

433*731 

57*720 

205-182 

235 

74*220 

438*363 

58-119 

208-803 

23^ 

74*613 

443*014 

58*512 

272-447 

231 

75*005 

447*699 

18J 

58-905 

270-117 

24 

75*398 

452*390 

18J 

59-297 

279-811 

24i 
241 

75*791 

457*115 

19 

59-090 

283*529 

76*183 

461*864 

00-083 

287*272 

24g 

76*576 

466*638 

191 

00*475 

291-039 

2H  j  70*969 
24g  ,  77*3ai 

4.71  -lan 

leg 

00-8t;8 

294*831 

476*259 

19i 

01-201 

298*048 

24^ 

77*754 

481*106 

196 

01*053 

302-489 

24J 

78*147 

485-978 

19^ 

62-04G 

300*35^ 

26 

78-540 

490-d75  1 
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I'M.. 

iiiotcr. 

ference-  j 

8 

78-932 

495-796 

79-325 

500-741 

79-718 

505-711 

25X 

80-110 

510-706 

25§ 

80-503 

515-725 

254 

80-896 

520-769 

25a 

81-288 

525-837 

26 

81-681 

530-930 

26i 

82U74 

536-047 

264 

82-4(;7 

541-189 

264 

82-8r)9 

546-356 

26J 

83-2r)2 

551-547 

26^ 

83(;45 

556-762 

26^ 

84-087 

562-002 

26J 

84-430 

567-267 

27 

84-823 

572-55(» 

27^ 

27i 

■  4^ 

85-215 

577-870 

85-nos 

583-208 

27g 

"  8 

8(>-0Ol 

588-571 

27A 

86-394 

593-958 

27| 

80-786 

599-370 

27^^ 

87-179 

604-807 

27i 

87-572 

(ilO-268 

28 

87-9i;4 

615-753 

28  i 

8S-357 

621-21)3 

284 

88-750 

62()-798 

28'^ 

89-142 

632-357 

28^ 

89-585 

637-941 

285 

89-928 

643-594 

28 

90-321 

649-182 

28^ 

,  90-713 

r>51-S39 

29 

91-106 

<;60-521 

29' 

91-499 

6(16-227 

294 

9l-8ijl 

671-958 

29i 

92-284 

r,77-714 

92-677 

683-494 

29i 

1  93-069 

(;89-298 

29^ 

,  93-462 

(595-128 

1  93-855 

700-981 

Ov 

'  94-248 

70()-860 

30J 

94-640 

712-7(52 

30i 

,  95-033 

( 

7i8-6aO 

1 

Dia- 

Circum- 

Area. 

meter. 

ference. 

ana  i 

if.>  1  — u 

724 

•(>41 

<»- .01  vi 

730 

iU\"} 1 1 

yo  —  I  I 

73'; 

•(;i9 

OUjf  1 

Jl)  I>IH 

742 

i;44 

74S 

•694 

754 

■769 

7(;() 

868 

»»i>  1  <  •> 

t  (>i) 

992 

773 

•140 

31 1 

<K*<Mi8 

779 

•313 

^1 5  > 

/  8.» 

•510 

3m 

791 

•732 

31 X  ' 

797 

•978 

S04 

•249 

32' 

JIMP  i 

sio 

"54  5 

324. 

sk; 

■865 

32* 

MM    <  v»' 

823 

•209 

32  L 

829 

•578 

325 

S35 

•972 

32ii 

1  o*>*s;^7 

842 

•390 

32" 

848 

■833 

S3 

1  n*^'<t7*> 

•30 

33 » 

1  U-j  I  l,)it 

861 

•79 

8i;s 

•30 

33'^ 

1  n  1  '^"id 

1  V'  l  00\' 

874 

•84 

1 05->48 

881 

•41 

00  g 

8SS 

•00 

J  ^  M)  y  1^  ,1 

81)4 

33  X 

1  or»-4*?  1 

901 

•25 

3d 

1  nM'\  1  i 

J  I  M>  «^  1  1 

907 

■92 

1  ( i7'*>(  )7 

914 

■61 

1  o7-r)<)o 

92 1 

■32 

34 

1 07-'lO-> 

92S 

(m; 

iK\  1 

34^  ' 

I  ( m*777 

I I  'i~  tit 

94  1 

(;o 

1 1 1  7n 

94  s 

4 1 

34^  • 

1 0<)-5(»3 

1)55 

25 

3fi  ^ 

9(>2" 

1  I 

35i  1 

1 1 0-348 

968 

99 

35J  1 

1  lO-<  41 

975 

\n\ 

1  U-J  34 

982' 

84 

86i  1 

111-526 

i 

989-80  - 

32 
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Tabids  2.— Circles  :  Diameter  (from     to  120), 

( 'TKri'MFKT^F.NrE,  AND  AREA." 


Dia- 
meter. 


t 

To 
i 

5 

is 


11 

lii 

7 
t* 
!.-> 


IS 

u 

IrJ 

1 

1}.', 

115 

2'" 

If 
If 

2i 


Circuni-  | 


Area, 


•3927 
•5890 
•7854 
•9817 
M781 
1-3744 
1-5  70S 
1-7771 

1-  9(;8:) 

2-  ir)98 
2-3ri()2 
2-552:i 
2-7489 

2-  9452 

3-  1 4ir, 

3-3379 
3-5343 

3-  730(; 
S-9270 

4-  1233 
4-3197 
4-51(>0 

4-  7124 

4'90.s7 

5-  1051 
5-3014 
5 -4978 
5-r,9il 
5-8905 

(;-o.s(;8 

(>-2832 

{;-1795 

(;-(;759 

(VS722 
7-Of»8f; 
7-2n49 
7-KU3 
7-()57(> 
7-8540 


1 


•00307 

•01227 

•027G1 

•04909 

•07r)70 

-1104 

•1503 

•19r.3 

•2485 

•30n8 

•3712 

•4417 

•5185 

■i;oi3 

•0903 
•7854 
■8800 
•9940 
•1075 


1-2271 
1-3530 
1-4848 
1-0229 
1-7071 

1-  9175 

2-  0739 
2-2305 
2-4052 
2-5800 
2-7011 

2-  94S3 

3-  1410 
3-3380 
3-5405 
3-7584 

3-  9700 

4-  200  ) 
4-4302 
4-7000 
4-9087 


Dia- 


2ft 

2i 


34 
84 
3^. 
3i 

3.5. 

31 

3,1, 
3i 

3S 
35i 

H 

31S 

H 

315 

!™ 

H 

48 


Circuni- 

tcrence. 

8-0503 
8-2407 
8-4430 
8^6394 

8-  8357 

9-  0321 
9-2284 
9-4248 
90211 
9-8175 

10-014 
10-210 
10-400 
10-002 
10-799 

10-  995 

11-  191 
11-388 
11-584 
11-781 

11-  977 

12-  173 
12-309 
12^5G6 
12-702 

12-  959 

13-  155 
13-351 
13-547 
13-744 

13-  940 

14-  137 
14-333 
14-529 
14-725 

14-  922 

15-  119 
15-315 
15-511 
15-708 


Area. 


5-1573 
5-4119 
5-672S 
5-9395 
0-212(1 
0-4918 
0-7772 
7-01  )8r) 

7-(i()9y 

7-  9798 

8-  2957 
8-0180 

8-  9402 

9-  2807 
9-0211 
9-9680 

10-320 

10-  079 

11-  044 

ii-4ii; 

11-  793 

12-  177 
12-5(iG 

12-  902 

13-  304 

13-  772 

14-  186 
14-(;06 


15-033 
15-4Gr) 

15-904 
10-349 
10-800 
1 7-257 

17-  720 

18-  110 

18-  065 

19-  147 
19-0o5 
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Dia- 
meter. 


H 

i 

H 

6'" 

n 

7| 
8 

H 

8| 
8A 


Cirenm* 
ferenoe. 


8? 
9 

H 


HrlOO 
li)'2m 

1  7-278 
17-474 

1 7-  (;71 
1  7-S(>7 
1S-(M>4 

18-  2(»1 
18-457 

i8-(;r)3 

l8-84i> 
]  i)-242 

iy-(>8r> 

20-027 
20-42(> 

20-  818 

21 -  2(^1 

21-  :)1)8 

22-  888 
22-77(; 
28-I(;i) 
28-:)C)2 

2:vi)r)4 

24-847 

24-  740 
2:)*  182 

25-  r>i:> 

2:rl)lS 

2<;-8io 

2(>-708 

27-oy(> 
27 -mi 

27-881 
2S-274 
2S'i;(»7 


Al'CH. 


20-129 

20-  C)29 

21-  185 

21-  (;47 

22-  l(ir> 
22-(>l)0 
28-221 
28-75S 
24-801 

24-  850 
2r)-40(> 

25-  9G7 
2(;-585 
27-108 
27-088 
2S-274 
2l)-4(]4 

80-  (;79 

81-  919 
88-188 

84-  471 

85-  784 

87-  122 

88-  484 

89-  871 

41-  282 

42-  718 

44-  178 

45-  668 

47-  173 

48-  707 
50-2()5 
5 1  -848 
58-456 

55-  088 

56-  745 
58-426 
60-182 
(;i-86i2 
68-617 
(;5-896 
67-20U 


Dia- 
meter. 


CircuDi- 
ferenoe. 


91 

n 
n 

0 

01 
0.1 
Oil 
0.\ 

0^ 
0^ 

Oi 

1 

n 

H 
u 

IS 

1$ 

2 

2i 
2} 
21 

2| 
23 
2^ 
3 

H  ' 
3i  ; 

3^ 

H  \ 

4  i 

41 
4i 


29-452 
29-S45 
80-287 

80-  680 

81-  028 

8i-4ii; 

81 -  SOS 

82-  201 
82-594 
82-9S(> 
88-879 
88-772 
84-164 
84-558 

84-  95() 

85-  848 

85-  785 

86-  128 

86-  521 
8(;-9l8 

87-  806 

87-  699 
8S-091 

88-  481 

88-  877 

89-  270 
89-(;62 
40-055 
40-448 
40-840 
4 1  -288 
4  I  •(;26 
42-018 
42-411 
42-804 
48-197 
48-589 
48-982 
44-875 

44-  767 

45-  160 
45*553 


Area. 

69-  029 

70-  882 
72-759 
74-662 
76-588 
78-540 
80-515 
82-516 
84-540 
8(;-590 
88-6(>4 
90-762 
92-885 
95-088 
97-205 
99-402 

101-628 
108-869 
106-189 
108-484 
110-758 
118-097 
115-466 
1 1  7-859 
]20-27() 
122-718 
125-184 
127-676 
180-192 
182-782 
185-297 
187-886 
140-500 
148-189 
145-802 
148-489 
1 5 1  -201 

158-  988 
156-(>99 

159-  485 
162-295 

165-iao 


Dia- 
meter. 


14S 

m 

16 

leg 

16^ 

lei 

16J 
16i 
17 

I7i 

m 
m 

18 

m 
m 

18| 
183 
19 

19i 
19i 

196 
192 


Circum- 
ference. 

45-  945 

46-  388 

46-  731 

47-  124 
47-516 

47-  909 

48-  302 

48-  694 

49-  087 
49-480 

49-  872 
50*265 

50-  658 

51-  051 
51-443 

51-  836 

52-  229 

52-  621 

53-  014 
53-407 

53-  799 
54192 

54-  585 

54-  978 

55-  370 

55-  763 

56-  156 
56-548 

56-  941 

57-  334 

57-  726 

58-  119 
58-512 

58-  905 

59-  297 

59-  690 
60*083 

60-  475 
60-868 
61*261 
61*658 
62-046 


Area. 


167-989 
3  70-873 
173*782 
176*715 
179-672 
182-654 
185-661 
188-692 
191-748 
194-828 
197-938 
201-062 
204-216 
207-394 
210-697 
213-825 
217-077 
220-353 
223*654 
226-980 
230-830 
233*705 
237*1D4 
240-538 
243-977 
247-450 
250-947 
254*469 
258-016 
261*587 
265*182 
268-808 
272-447 
276-117 
279-811 
283*529 
287-272 
291-(m9 
294*^ 
298*648 
802*488 
306*355 


Dia- 
meter. 


Circum- 
ference. 


62-439 

62-  832 

63-  224 

63-  617 

64-  010 
64-402 

64-  795 
65*188 

65-  580 

65-  978 

66-  366 

66-  759 

67-  151 
67-544 

67-  937 

68-  329 

68-  722 

69-  115 
60-507 

69-  900 

70-  2^ 

70-  686 

71-  078 
71-471 

71 -  864 

72-  256 

72-  649 

73-  042 
73-434 

73-  827 

74-  220 

74-  (>I3 

75-  005 
75-398 

75-  791 

76-  183 
76-576 

76-  969 

77-  361 

77-  754 

78-  147 
78-540 


Area. 

310-245 
314-160 
318-099 
322-063 
326-051 
330-064 
334-101 
338  163 
342-250 
346-361 
350-497 
354-657 
358-841 
363-051 
367-284 
371-543 
375-826 
380133 
384-465 
388-822 
393-203 
397-608 
402-038 
406-498 
410-972 
415-476 
420-004 
424-557 
429-135 
433-731 
438-363 
443-014 
447-699 
452-390 
457-115 

461-864 
46i>-638 
471-436 
476-259 
481-106 
485-978 
490-875 
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3. 


Dia- 

\ 

Circum* 

1 

Ai-ea. 

Dia- 

Circum- 

Area. 

meter. 



ference. 

meter. 

ference. 

—  — 
78-932 

— 

495-706 

 — 

95-426 

-     -  - 
724-641 

Hi 

70-325 

500-741 

95-818 

730()18 

79-718 

505-711 

30| 

96-211 

73<r619 

SO-1 10 

510-706 

30J 

96-r»04 

742-(;44 

251 

80-r)03 

515-725 

m 

96-996 

748-694 

25| 

80-896 

520-769 

31 

97-389 

754-769 

25J 

81-288 

525-837 

31 J 

97*782 

760-868 

26 

81-681 

530-930 

31J 

98-175 

766-992 

26i 

82-U74 

536  047 

31i 

98*5i;7 

773-140 

26i 

82-4(>7 

541-189 

31^ 

98-9l)8 

779-313 

26^ 

82-8r)9 

546-356 

318 

99*353 

785-510 

26i 

8^-252 

551*547 

81^ 

99-745 

791-732 

26g 

8H-(j|5 

556-762 

311 

1011-138 

797-978 

81-087 

562-002 

32 

1011-531 

804-249 

26} 

84-430 

.  567-267 

321 

100-924 

810-545 

27 

84-823 

572  556 

32i 

101-316 

816*865 



8.") -2  IT) 

577*870 

323 

101-709 

823-209 

27i 

8:)-(in8 

583-208 

32i 

,  102-102 

821>-578 

27| 

8(rU0l 

588-571 

32g 

102*494 

83  • )  *  9  <  w 

27^^ 

8r)-394 

593-958 

32^ 

102*887 

842-390 

27| 

8l)-786 

599-370 

321 

103*280 

848-833 

27?^ 

87-179 

r»04-8()7 

33 

103*672 

855-30 

27i 

87-572 

610-268 

33  i 

104*055 

861-79 

28 

87-9(i4 

615-753 

33i 

104*458 

868-30 

284 

88-357 

621-263 

33a 

104*851^ 

874-84 

28+ 

88-750 

62(;-798 

33.1 

105*243 

881-41 

28i| 

89-142 

r»32-357 

33l 

io:)-(;36 

888-00 

2U 

89-535 

r»37-941 

33^ 

106-029 

89^61 

28g 

89-928 

643-594 

331 

106-421 

901-25 

285 

90-321 

649-182 

34 

i  106*814 

907-92 

28i  ,  i)il-718 

654-839 

34i 

1  107*207 

914-61 

29 

91-106 

660-521 

.  107*599 

92 1  -32 

29i 

91-499 

6(;(;-227 

107-992 

928-06 

29.i 

91-891 

671-958 

34.'< 

108-385 

934-82 

m 

92-284 

(>77-714 

34| 

108-777 

94i-r,o 

92-i>77 

r,83'494 

34^< 
34g 

109-170 

948-11 

29i 

93-069 

.  689-298 

109-563  1 

955-25 

29J 

93-462 

695- 128 

35 

109-956 

9(;21  1 

93-855 

700-981 

361 

110*348 

9i;8-99 

30 

94-248 

706-860 

38i 

110*741 

!)75-9() 

94-i;-l(; 

712-762 

363 

111-134 

982-84 

95'U33  , 

.  718-690 

1 

ili%>26 

1 
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Dia- 
in(«ter. 

63J 
63^ 

63^ 
64 
64:} 

65 

65.1 
65.1 
65=1 
66 
66^ 

66;L 

66  V 
67 
67} 

67  i 
67J 
68 

esj 

68^ 

68  Y 
69 

69  L 
69"f 
70 

70.'. 
70^] 
71  . 

7U  ' 

71| 
72 
72.} 
72.V  • 

m  . 

73 
73i 


Circmn- 
ference. 

108-  706 

109-  491 

200-  277 

201-  0(;2 

201-  847 

202-  r)88 

203-  418 

204-  204 

204-  989 

205-  774 

206-  5fiO 

207-  845 

208-  131 

2os-in<; 
200'7iH 

210-  487 

211-  272 

212-  058 

212-  843 

213-  628 
214*414 
215-199 
215-985 
210-770 

217-  555 

218-  341 

219-  126 
219  912 

220-  697 

221-  482 

222-  268 

223-  053 

223-  839 

224-  624 

225-  409 
22G-195 
226*980 

227-  7G6 

228-  551 

229-  336 

230-  122 
230-907 


Ai-ea. 

3142-04 
31f;(;-92 
3191-ia 
32H;-1K) 
8242-17 
82(;7-4() 
3292-88 
3318-31 
3343-88 
88()9-5r> 
3895-38 
3421  19 
3447  1(; 
8478-28 
8499-39 
3525-fJr) 

3552-01 
8578-47 
3605-03 
3631-fi8 
8658-44 
3685-29 
3712-24 
3739-28 
3766-43 
3793-67 
3821-02 
3848-45 
3875-99 
3903-63 
3931-86 
3959-19 
3987-13 
4015-16 
4043-28 
4071-50 
4099-83 
4128-25 
415fi-77 
4185-39 
4214-11 
4242-92 


Dia- 
meter. 


73Jf 
74 

74^ 
74Jr 
74| 
75 

75i 

75. V 

757 

76 

76} 

76. J 
767 
77 

77:} 

77^^ 
777 
78 
78 1 

78A 

78  J 

79 

79} 

79A 

797 

80 

80} 

80A 

8O7 

81 

81| 

SU 

81t 

82 

821 

82. 't 
82-7 
83 
83} 

83. '> 
83:] 
84 


Circnm. 
ference. 

281-  693 

282-  478 
288-268 
284-049 

284-  884 

285-  620 
280-405 

287-  190 
287'97(; 

288-  761 

289-  547 

240-  882 

241-  117 

241-  908 

242-  ()88 
248-474 

244-  259 

245-  044 

245-  880 

246-  f»15 

247-  401 
i  248-180 
I  248-971 
:  249-757 

250-  542 

251-  828 
25-21 18 

252-  898 
258-088 

.  254-469 
255-254 
25(»-04O 

!  25(J-825 

'  257-611 

258-  396 
;  259-182 

259-  967 

260-  752 
.  261-537 

2(;2-328 
•208-108 

.  263-894 

I 


Area. 

4271-88 
4800-84 
4829-95 
4859-16 
4388-47 
4417-80 
4447-37 
4470-97 
4:»n(;-(V7 
4580-4r» 

4r)r)r)-8(; 

459(;-85 
4026-44 

4(;5t;-r)8 

4680-92 
4717-80 
4747-79 
4  778-8r, 
4809-05 
4889-88 
4870-70 
4901-08 
4982-75 
49r>8-92 
4995-19 
5026-55 
5058-00 
r.089-58 
5121-22 
5158-00 
5184-84 
5210-82 
5248-84 
5281-02 
.%SI8-28 
5845-02 
5878-04 
5410-t;i 
5448-24 
5470-00 
r)508-84 
5541-77 


CIRCLBS: — CXKCUMFSRSNOfiS  AND  ARSAS.  89 


Dia. 

\yulSHlli* 

Area. 

circum- 

Area. 

meter. 

ferenoe. 

meter. 

Ava  wai  w« 

264*679 

5574-80 

94| 

297*666 

7050*92 

265*465 

5607-95 

298*452 

7088*22 

266-250 

5641-16 

954 

299-237 

7125-56 

85 

267  035 

5674-51 

95A 

300-022 

7163*04 

86i 

267-821 

5707-92 

96 

300*807 

7200*56 

85^ 

268-606 

5741-47 

801-593 

7288-23 

85| 

209-392 

5775-09 

96i 

302*878 

7275-96 

86 

270-177 

5808-80 

96^ 

802*164 

7313*84 

86j 

270-962 

5842*60 

96% 

803*948 

7851-72 

86^ 

271-748 

5876-65 

9T 

804*734 

7889*81 

86J 

272-588 

5910-52 

974 

305*520 

7427*96 

87 

273-319 

5944-68 

97i 

306*306 

7474-20 

87| 

274-104 

5978-88 

973 

307*090 

7504*52 

%7h 

274-890 

6013-21 

98^ 

307*876 

7542*96 

87§ 

275-675 

6047-60 

98| 

308*662 

7581-48 

88 

276-4<0 

6082-12 

98^ 

309*446 

7620-12 

881 
88i 

277-245 

6116-72 

98J 

310*232 

7658-80 

278-OSl 

6151-44 

99 

311*018 

7697-69 

88^ 

27&-816 

6186-20 

994 

311*802 

7736-60 

89 

279-602 

6221-14 

99| 

312*588 

7775-64 

89^ 

280-387 

6256-12 

99| 

313*374 

7814-76 

m 

281-173 

(i291-25 

100 

314*119  ' 

7853-98 

89J 

281-9(8 

6326-44 

lOOi 

315*7$() 

7938-72 

90 

282-744 

6361-73 

101 

317*3ftl 

8011-85 

90i 

283-529 

6399-12 

318*872 

8091*36 

90i 

284-314 

.  6432-62 

102 

320*442 

8171-28 

90| 

285-0(9 

6468-16 

102i 

322*014 

8251*60 

91 

285-8S5 

6508-88 

103 

323*584 

8332*29 

91i 

286-670 

6589-68 

mi 

3*25-154 

8413-40 

91^ 

287-456 

6573-56 

104 

326*726 

8494-87 

915 

288-242 

6611-52 

104^ 

328*296 

8576-76 

92 

289-027 

6647-61 

105 

329*867 

8659-01 

92^ 

289-812 

6683*80 

mh 

331-488 

8741-68 

924 

290-5W 

iJ720*07 

3S3-009 

8824-73 

92| 

291-383 

6756-40 

106i 

334*580 

8908-20 

93 

292*168 

6792-91 

107 

336-150 

8992-02 

93^ 

.  292-953 

6829*48 

107i 

337«722 

9076*24 

93i 

293-7S9 

6866-16 

X08 

339*292 

9160-88 

93J 

294*524 

6882*92 

108J 

340-862 

9245-92 

94 

295-310 

6939*7B 

109 

342-484 

9831-32 

94^ 

296-095 

6976-72 

109i 

344-004 

9417-12 

B4f^ 

296^1 

7013^ 

110 

84.5*375 

950SW  ■ 

Oigitiaed  by  (moqI 


MATaEHATICAli  TAiBLBS. 


Dia- 


T 


llOh 

111^ 

IIU 

112^ 

im 

113" 
1134 
114 

114;V 

116" 


Cirrnin.  \ 
leruuce.  j 

Dia- 
meter. 

95H0-92 

115^ 

848-717 

9G7()-89 

.  116 

850-288 

97(14-2^; 

116^ 

8r>  1-858 

9852-08 

117 

358-480 

9940-2t) 

ll7i 

855-000 

10028-75 

118 

85()-570 

10117-(i8 

118^ 

858-142 

10207-OB 

119 

85U-712 

10296*76 

119^ 

8(J  1-283 

• 

10886-89 

180 

■ 

* 

Circiim- 
lerence. 


Ar^. 


8«i2-8r)4 

364-  425 

365-  99G 
367*566 

869-  188 

870-  708 
372-278 
378-849 

375-  420 

376-  991 


10477-48 
10568*88 
10659*64 
10751-88 
10848-49 
10935-88 
11028-76 
11122-02 
11215*68 
11309-78 


(TABLB  31— Riiq^PBOCALB  of  NuMBEBS,  FB.OM  1  TO  1,000.* 


J  1 

*  -  '  ■ 

/  r 

r  '  '  • 
>   >  1 

jNo. 

f 

ptocal. 

No.  j 

Reci- 
proqil. 

Xo. 

Reel- 
prucal.. 

—  

Nov  - 

Reci- 
procal. « 

I  i 

i-tvooooo 

25  1 

■  — 
•040000 

^    ~^  i 

49 

-020408 

73 

•013(>99 

;  2 

-500000 

26 

-038462 

50 

•020000 

74 

•013514 

3 

-33333B 

27 

•037037 

51 

•019608 

75 

•013888 

4 

•2»>O0O0 

28 

-035n4 

62 

•019281 

76 

•013158 

5 

•200000 

29 

•034483 

53 

•01 8808 

77 

•012987 

6 

■166667 

30 

•033333 

54 

•018519 

78 

•012821 

7 

-142857 

9% 

•032258 

55 

•018182 

^^^^ 

79 

-012058 

ra 

'  9 

•125000 

32 

-031250 

56 

•017857 

80 

•012500 

•111111 

33 

•030303 

57 

•017544 

81 

•012840 

10 

•100000 

34 

•029412 

58 

-017241 

82 

•012195 

11 

•090909 

35 

•028571 

59 

016949 

83 

•012048 

12 

•083333 

36 

•027778 

60 

•016667 

84 

•011905 

13 

•076923 

37 

•027027 

61 

•016398 

85 

•011705 

14 

•071429 

88 

•02(?81(> 

62 

•016129 

86 

•Oil 028 

■  15 

-066667 

39 

•02r»r)4l 

63 

•015878 

87 

•011494 

16 

•062500 

40 

•025000 

64 

•015r»25 

88 

•011804 

il7 

•058824 

41 

•024890 

65 

;^015885 

89 

•011280 

;  18 

-055556 

42 

•0288 1 0 

66 

1  ^015152 

90 

•011111 

!  19 

•052632 

43 

•02825(1 

67 

•014925 

91 

•010989 

\  20 

•050000 

44 

•022727 

68 

1  -01470(; 

92 

•010870 

;  21 

•047619 

45 

•022222 

69 

i-O 14498 

93 

i  •010758 

22 

"045455 

46 

•021781) 

70 

-01428(5 

94 

I  -0 1 0088 

28 

!»♦ 

•043478 

47 

•021277 

71 

•014085 

95 

-01052(; 

•041667 

48 

t  r 

•020833 

7» 

•013889. 

-  1  •  1  _ 

•01U41 7 

See  [ntrdduotion,  onf*»,  p.  2. 


RBCIPKOCAUS  OF  NUMBERS.  41 


Xo, 

Jt6C1- 

Xo. 

Keci* 

Xo.  , 

1C6C1- 

Xo. 

TirOGftl. 

nrociil. 

97 

•010309 

139 

•007194 

181 

•005525 

223 

•004484 

98 

•010204 

140 

'007148 

182 

•005495 

224 

-004464 

99 

•OlOlOl 

141 

•007092 

183 

•005464 

225 

•004444 

100 

•010000 

142 

•007042 

184 

•005485 

226 

•004425 

101 

•0091)01 

143 

•00(;998 

185 

•005405 

227 

•004405 

102 

•009S04 

144 

•00(;944 

186 

•00537(> 

228 

•004386 

103 

•009709 

145 

•000897 

187 

•005848 

229 

•004367 

104 

•oo9()ir) 

146 

•00(;849 

188 

•005819 

230 

•004348 

105 

•009524 

147 

•00(;808 

189 

•005291 

231 

•004329 

106 

•009434 

148 

•006757 

190 

•005268 

232 

•004810 

107 

•009841; 

149 

•000711 

191 

•005236 

233 

•004292 

108 

•009259 

150 

•ooi;()(>7 

192 

•005208 

234 

•004274 

109 

•009174 

151 

•OOC)628 

193 

•005181 

235 

•004255 

110 

•009091 

152 

•OOi*»579 

194 

•005155 

236 

•004237 

111 

•009009 

153 

-00(;586 

195 

•005128 

237 

•004219 

112 

•00H929 

154 

•00()494 

196 

•005102 

238 

-004202 

113 

•008850 

155 

•006452 

197 

•00507() 

239 

•004184 

114 

•OOS772 

156 

•006410 

198 

•005051 

240 

-004167 

115 

•00S()9t> 

157 

•00i;8(»9 

199 

•005025 

241 

•004149 

116 

•008621 

158 

•00(»829 

200 

•005000 

242 

•004182 

117 

•008547 

159 

•00(;289 

201 

•004975 

243 

•004115 

118 

•008475 

160 

•00(;250 

202 

•(104950 

244 

•004098 

119 

•OOS408 

161 

•0062 M 

203 

•004926 

245 

•004082 

120 

.  -008888 

162 

•00(il78 

204 

•004902 

246 

•0040(;5 

121 

•0082()4 

163 

-000135 

205 

•004878 

247 

•004049 

122 

-008197 

164 

-00()(»9S 

206 

•004854 

248 

•004082 

123 

•008130 

165 

•oooix;! 

207 

•004881 

249 

•004016 

124 

•0080t;5 

166 

-006024 

208 

•004808 

250 

•004000 

125 

•008000 

167 

•005988 

209 

•004785 

251 

•008984 

126 

•007987 

168 

-005952 

210 

•004762 

252 

•003968 

127 

•007874 

169 

•005917 

211 

•004789 

253 

•008958 

128  (-007818 

170 

•005882 

212 

•004717 

254 

•003937 

129 

•007752 

171 

•005848 

213 

•004  (;95 

255 

•003922 

130 

•007(;92 

172 

•(H)5814 

214 

•0(M673 

256 

•003901) 

131 

•007684 

173 

•0057.SO 

215 

•0()4(;51 

267 

•003891 

182 

•00757r> 

174 

•005747 

216 

•004(;3l) 

258 

•003876 

133 

•007519 

175 

•005714 

217 

•004608 

259 

•00381)1 

134 

•007468 

176 

•0()5(>82 

218 

•0045,^7 

260 

•0O384i; 

135 

•007407 

177 

•005650 

219 

•004566 

261 

•003,^31 

136 

-007358 

178 

•005()18 

220 

•004545 

262 

•003^17 

137 

•0O7299 

179 

-005587 

221 

•004525 

263 

•003 S02 

138  1 

1 

180  1 

-005556 

822 

-U045U5 

264 

1  -008788 

42 


MATHEMATICAL  TABIDS, 


No. 

—  - 

Rao?. 

procal. 

No. 

rceci- 
Drocal. 

No. 

KCCl- 

orocal. 

No. 

procftL 

265 

•008774 

307 

•008257 

349 

•002805 

391 

•002558 

266 

•0087r)9 

308 

•008247 

350 

•002857 

392 

•002551 

267 

•008745 

309 

•008236 

351 

•002849 

393 

•002545 

268 

•008781 

310 

•008220 

352 

•002841 

394 

•00258S 

269 

•008717 

311 

•008215 

353 

•002888 

395 

•002532 

270 

•008704 

312 

•008205 

354 

•002825 

896 

•002525 

271 

•008690 

313 

•003195 

355 

•002817 

397 

•002519 

272 

•008(J7() 

314 

•008185 

356 

•002809 

398 

•002518 

273 

•008003 

315 

•008175 

357 

•002801 

399 

•002506 

274 

•008050 

316 

•008105 

358 

•002793 

400 

'002500 

275 

•008030 

317 

•008155 

359 

•002780 

401 

•002494 

276 

•008028 

318 

•008145 

360 

•002778 

402 

•002488 

277 

•008010 

319 

•008185 

361 

•002770 

408 

•002481 

278 

•00851)7 

320 

•008125 

362 

•002702 

404 

•002475 

279 

•008584 

321 

•003115 

363 

•002755 

405 

•002469 

280 

•008571 

322 

•008100 

364 

•002747 

406 

•002463 

281 

•008559 

323 

( •OO8090 

365 

•002740 

407 

•002457 

282 

•00854(; 

324 

•003080 

366 

•002732 

408 

•002451 

283 

•008584 

325 

•008077 

367 

•002725 

409 

•002445 

284 

•008522 

326 

•008007 

368 

•002717 

410 

•002439 

285 

•008509 

327 

•008058 

369 

•002710 

411 

•002483 

286 

•008497 

328 

•008049 

370 

•002703 

412 

•002427 

287 

•008484 

329 

'008040 

371 

•002695 

413 

•002421 

288 

•008472 

330 

•008080 

372 

•002688 

414 

•002415 

289 

•008400 

331 

•008021 

373 

•002681 

415 

•002410 

290 

•008448 

332 

•008012 

374 

•002674 

416 

•002407 

291 

•008430 

333 

•008003 

375 

•002607 

417 

•002398 

292 

•008425 

334 

•002994 

376 

•002000 

418 

•002892 

293 

•0084  18 

335 

•002985 

377 

•002653 

419 

•002387 

294 

•008401 

336 

•002970 

378 

•002646 

420 

•002381 

295 

•008390 

337 

•002907 

379 

•002639 

421 

•002375 

296 

•008378 

338 

•0O2959 

380 

•002632 

w  mm  ^m  mm 

422 

•002870 

297 

•008307 

339 

•002950 

381 

•002025 

423 

•002804 

298 

•008850 

340 

•002941 

382 

•002618 

424 

•002858 

299 

•00881  1 

341 

•002983 

383 

•002()1 1 

425 

•002353 

300 

•008888 

342 

•002924 

384 

•002604 

426 

•002347 

301 

•008822 

343 

•002915 

385 

•002597 

427 

•002842 

302 

•008811 

344 

•002907 

386 

•002591 

128 

•002386 

303 

•008801 

345 

•002899 

387 

•002584 

429 

•002381 

304 

•0082S9 

346 

•002890 

388 

•002577 

430 

•00232!) 

305 

•008279 

347 

•002882 

389 

•002571 

431 

•002320 

306 

'003268 

348  1 

•U02874 

390 

•002664 

488 

•002815 

^^^^ 

RBGIPROCALB 


OF  NITMBBRB. 


43 


Xo. 

1 

!  Reci- 
1  procal. 

No. 

Reci- 
procal. 

No. 

Reci- 
procal. 

No. 

Keci- 
procal. 

475 

•00210j> 

017 

•00lyn4 

OOU 

.Alk  1  TU  A 

00l7ny 

.<kJk«)1  I'll 

R1  fi 

•All  1  AO  1 

Run 
oou 

.AA1  OOli 

001  ion 

/lOK 

019 

.1  kl  k  1  li»~> 

•00 1  y  J  < 

001 

.AA1  •'70Q 

001 /So 

>IOC 

A  HO 

478 

•()02Uy2 

o«u 

./tl  k  1  AOQ 

•OOlyz.i 

0030 

•AA1  T'Tfk 

•0017  /y 

io7 

479 

KOI 

Oi&L 

•AAi  Ai  n 

•ouiyiy 

Ooo 

*AA1  TT/i 

001 lib 

ioo 

4o0 

i;00 
0«« 

uui  yit> 

004 

OUl 1 lO 

UU^ J  1 O 

4ol 

000 

OU  1 1 lU 

45« 

•0020 /;) 

Oi64 

.Ai  k  1  Al  \  L> 

•001  y  OS 

Htm 

000 

.  Al  k  1  Tl'  " 

•00 17()  < 

All 

4oo 

•(K)2U7(» 

Oi&O 

./'k<  k  1 1  k/  k " 

007 

OOl  /  04 

ilO 

A  OA 

484 

0<&O 

.Ai  k  1  i\l  kl 

OOlytn 

uOo 

.I'kA  1  71*1 

•00 1  / 1)  1 

44o 

'  '022o  / 

485 

.1  kAtkri/*o 

D41 

>Aik1  O  AO 

•00lp9h 

RAO 
Ootf 

.Aim  rfX  T 
(101  iO  i 

AOC 

486 

002n»>J> 

eoo 
0<eo 

./kl  k  t  oil  4 

070 

.  Al  k  1  1 

•001  <  J>4 

440 

487 

fiOO 

Oica 

.Ai  k  1  Cifli  k 

uu loyo 

Oil 

(10  1  <  i>  I 

AAO 

440 

488 

OoU 

.  Ai  k  1  Q  O  T 

R'yo 
0/22 

./ kl k 1      1  o 

•00 1  /  4S 

447 

489 

Ool 

.Ai  kl  (joa 
'OOloo.i 

Olo 

.  /  kA  1  "*  i  T 

(101  /  4.) 

448 

A  C\f\ 

490 

.j'ki  kft'^i  ill 

.Al  k  1  O  CJ  A 

•OOlooO 

074 

./'if  I  1  ~  1  o 

M)01 1  4  J 

44» 

()( 12227 

491 

()()2'»,i  ^ 

Ooo 

•Al  k  1  O  yi* 
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GOQOaOaOaOOOCOOOaOOCOCOOOOGOOOOOCOOOQOaOOQOOQOOOOD 


^  t--       O  C5  O  — <  r-i 


c<^'^^'^1'^^'^^'^l'^l'^^'^^'^^rl'^^•^^'^1r^co^ccccc«ccc^Q»^c<3cc 
oox  xoo  acoDacaox'QDQCoOQOcCQOcOQoaoaoaooQQOaooooo 


I":      *^      -f  r—  I-  n 


I  'M  1-^  ^ 


I*:  o  — >     —  vr      ti;  ^  »5     -t-  C5  ffC     ^     c:  00      O  1-^ 
i*:      35  It  n  X  — '  X  -h  c     co  35     -m  x  i*:  r-i  oo  -t-  3  — 

C  ^  —  -M  CO  :c      I*:  »'^      i~     x  r;  c;  c  c  ^  -m  'M  co  -t*     »o  tr  ^ 

-M  'M       C^J  'M  ^1        -M  •>!  ri  C^l       CO  CO  CO  «  CO  CO  CO  CC  CC  CO 

OOOOaQOO  O0GOQ0000QO0  00  0DQ0a00O0OQ0  00  00  0OQO09000Qa0 


— •  ■   '  •   •         '•'»         ^  ■  .  I  ^  « .4  1  ,1,  —J-"  — r  • .. 

c^^c^^'^^'^^'^1'^l'^^'^^'^l'^^'^^'^^'^^'^lo^cccocococcco  cococcco 

OOODOOCCaDQOGOCCOQOCGCOOODaDOOOftaQaOa&OOOOGOaDaOGO 


-f  o  >r:      7C  1^  -^r         -f  — 1  X  CO  X  ^  -ti  lO  ^  tc     <M  o  »o  o 

•-3  Cvl       CO  X  CO  X/  CO  QO  CO  X  'M  1^  — •       3        X  0*1  *^  O  CO  1^  '-^ 

-4,  ^     -^1  O  r>.  CO  O  *^  CO      -.r      C3      c^i  X  -t<  ^  O  CO 

O— '  ^       CO  CO  -H  "O  I':  1^  X  X       O  O       CSI  'M  CO  -+  -t*  »0  »0 

O-l  CM  n  C^J  'M  'M        'M       0*1       C^J  CO  CO  CO  CO  CO  CO  CO  CO  CO  so 

aQQQOOaOOOGOOOOOCOQOGOaOQOOOaOQOOO  QOCOOOQQ  OOCOQOOQ 


cs  >c  c  -J-  X  c  — ^  — '  c:  I  -  CO  n  CO  »^  cs  '-^  (M  oq  O  X  »0  ^ 
3.     —     —  I  -  -M  1^  'M     —     o  o  cs  CO  X  oi  w  o  CO  I  '*     '"4*  00 
V-  cr.      I  -  CO  3  :r  CO  -m  c:  io  'M  x  -h  ^  i--  -+  O     co      *^      x?  --s 

*  r  —       'M  CO  CO  -t"  -t-  JO  I  ~  X  X  C".  :r  O  ^  OQ  Ol  CO  CO  -f  »o  »o  ®^ 

'M       7*1  C^J  'M  'M  'N  'M       <M  CM  C^l  'M  CO  CO  CO  CO  CO  CO  CO  CO  CO  so 

OOGOXXQDOOXOOQOXXXXaOXOOODaOCOQQOOOOaOOOOO 


CO  <0  «0  CQ  ^  «Q  Ctf  CP  CO  <P  <P  CO  fi&  «» CD  CO  to  «P 
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IflttCft  flftfl^M  Oft  C^Ct  M  M  C9  *^  *^  ^  «^  ^ 
CD  wL  w  9  iCP  CD  fiOlCD  V^D  ^  'O  tDfiP  CD  M 


oaOOOC  COODOOQCOOOOQOOOQCOOOCCOOCXXCC  XXQOOOOCQO 
<XiCOaOQOOOGOflOOQOOCCGCODOCCOOCOC'CCCOODOOOe>OOOGGOQC 
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O  CO  00 

CS      CO  1— 1  -t«  »o 
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»  .0       CO  O  i-<  <M 
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CC 
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•10  ^  t  H  O  CP -a 

oo  o  c;  o  f-^  ^ 

t-  QO 

O  C5  O 

CI 

CO 

'f 

iC 

1** 

CC  CC  CC  JO 

«^ 

-f 

-H  -t<  -f  »0  lO  lO 

oo  00  CO  CO 

'00  CO  (X 

CO 

X 

CO 

CO 

CC 

:0  CC  CC  CO 

00  CO  GO  QO  QO  CO 

-t":rcococor^-r-^i-  'Mtroc'a-r-h-hcc— -fCi-hi^O-ri 
1— I  O  CO  ^  C:  1^  C;  <M  -h       X  O  'M  -t-  >C  1^  CO  C:  -H  CO  -t« 

_^  »c     1^  -f  o     'M  c;i  I*:  ^1  — h  o  w  —     cc     -.r 'm  x 

o  ^      1^  CO  c>  c>  o  c:  ^      CI  CC      -h  I-  ic  X      c;  •  *™ 

COCCCCCCCOCO-r-f--^-t'--t*-^-h-*-^-t'-«-t'-t"-t*-l--1-»COiC 

OOCCCOCOQOCOCOCOXCOXOOCOX'XXCOXCCCaOCOOOQOCOX 


I''  O  CI  «M  CI 


COCOCCCCCCCO-+'-+''^-+-i^'^-t'-t^"-1'-+-t'-H-^-ti-t<-ti»C>C»C 

QOCOCCCOXCOOOCOCOCOCXXXCCOOX^XX,  XCXQOCCCOOCCO 


.     r«  ocy 


o 


-Ij  •  '-^  ^J^v. 
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MAtHEMATiCAL  TABLES. 


^•rHr-if-i»-<^rHi-iOOOOOOOOOOOOC305050>0>e>X 
/-H<O<p<D<OCOCO<OCp;OCDCOCOCDC0C0CO;0  C0.CD  »a  lO  *0  lO  JO  lO  IH 


05     i*^  -f  cc  'M     1^  X  Ci  X      i':  n      CO  oo  c^  i?:      co  Ci 

•  C"!  cc  -f  J':  I':  *^  tc         I  -  » -      t—  o  o  lO     ^  d  I 

ir:  13  13  la  l«  IS  »3  13  13  m  O  »3''l3  «5^?£CD?000«D«OCO«e«fi 
QOQOOQODQOQOOOQOOOQOCO  OO.^  OO  QD  00  OO.  00, 00*00  QO  00  00  OO  00 


CC  CO  l>  »3  C<I  CO  CC  QO  CI  »3  X)  C-  CC  h-  »3  00 't'  C5  13  QC  O  O 
i3  *^t-COOCsOO'^^  —  —  --^  ^-^f-H^OOOCiOOt^trcC 
C3  O  »3  rH       5C  O  <5  'M  CO       O  aO  "-f  O'O       t^' CC  CV  13  «-t 

c^i  o  i  cc        »3     ^  i-^  i.--  X-  o     o  o>H  c^t     «c  CO     --h  i3  o  o 

13  13  »3  13  13  »3  >3  J3  >3  i3  »3  »3  13- w       «0  O  O      «0  5C  «5  55 
OOOOOOODOOOCOCODOOOOOO^OOCOOOODOO  OO^OaOD  00  OD  00  oo«o 


Z  oc 


I  -  1^     -f  ^  r-  c3  X         r--  x  r;  x      i-:  'm  o  co  O  i 

ri  o  r-«  d  C3  CO      -f  »3  It  I"  13  13      I":  >3  »3  -f  -f  co  oc  Ol  <—»»—'  O 

,  'M  Ci  13  r-t  I-  C3       i3  — ^  Ci  »3  i—*  »3  »— «  1^  CO  C;  l3      «  . 

'>\  '>l  C0.-+"  -t-  i3  »3  t:-  X  X  Cl  O  O  1-H  f—  -M  CO  CO  "-t*  »3  ^  :C 
i3  13  13  »3  »3  13  IS  »3  13  13  »3  13  13  "15  to  CO  O  C£i  5C  ;S  CO 
CQOOOOOOdOOOOOOOOCOO'QOOOdOOOODOOOOOOOOOOOOOOOCODOC 


*3  13      'Ti  ~  '^^  t-  1— (         X  rj  X  so  w  »3  o  *+t  oc-  o  c^r  CO 

•  -  X      O  ^  —  c-i  'M  6c  CO  ?3  re  :^  ro  70  ro  C3  r":  'M  fM  »— t  ciD  o  o  x> 
I  -  CO  o  X  -1-  o     CI  X  -r     *w  n  x  -r  o  ^  -m  x  13 

CI  CI  JO  -t'     13  »3     t--  I-  CO  X  r;  o  o  ^    •     ?o  co  -f  -t-  »3  »3  to 

•  3  13  10  »3  »3  »3  13  >3  »3  »3  >3  13  13  to  «0  to  to  O  tO  to  to  to  CO  «0  fiO 
aOOOOOaOODQOOOOOOOOOOOOOOOOCQOOOOO  OOOOOOOOOOOO  00*00 


~f  -f^  73  1— t  CJ  to  — t  'O  O  -t"  :0  "<X  CS  CO  X       CO        *r        13  QO  r-l  CO 

—1  'M  CO  -+      >3  lo  r-  r—  1-  I-  I--  1^  1^  I—  I-         >3  -t'  CO 

— <  I-  CO  ri  i3  f-*  CO  cr-  »c  CO  c;  i3  1—1  1-  co  c;  13  <— »  1^  co  0  13 
CI  "M  CO  CO      »3  ic  '-r      I  -  CO  CO  o  cr.  o      ^  CI  'CI  CO         13  13  to 

13  »3  13  »3  »3  13  »3  13  13  13  13  13  13  13  to  to  to  to  to  to  JCO  to  to  CO  to 
OOOOOOODOOQOQOOOOOOOaOQOaOOOQOOCOOCOOO  00-00  00  00  00  QO 

CO  CO  CI  —  X  »C  3  CO  to  X  X  X  X  V3  -f  O  tO  —  tO  O;        -+!  l3 

•  c'-T-i-xxc^c:':^— —  —  —  ^oocicoGO'i-^co 

^  O        CI  X        O  I  -  CC  CT-,  i3        I-  CO  CV  13  —        CC  C.  )3  C;  ^3  Ol  X  -h 

•  *  'M  oi  CO  CO      tc  13  t:r      i-  x  x      c;  c:  —  i—  ci  ci  co  -r  -r  »3  13  to 

13  10  13  »3  13  13  IC  13  13  »3  13  13  »3  13  to  to  to  to  to  to  to  to  to  CO  CO 
00*00  QO  00  00  00  oc  X  00-00  0O<3CaC0C0O00QC00QCQ0Q0O0O0  0C00 


C^l  CI  — '        X        C  »3  O  CO  to  I-  X'  O  X  'O  I-  Ol  to  O  J3 

O^  CI  CI  CO       -f  13  13  »3  13  13  13  13  13  13  13  -h  -t^  CO  CO  0^1  »— ( 

-vl  O  to  Ol  X  -^  O  to  (CI  00  -t^  ~  -O  Ol  CO        C:  to  C  I  X  -f  O  tO  tM  QO  -f 
'  '  ^  OIl  CO  CO       i3  i3  to  to  I—  X  X  Oi  Ci       r—  — !  Ol  CI  so  »3  13  tr  ^ 

*5  '^.IS  '5  13  13  »3  13  13  13  13  i3  12  tO  CO  CO  tO  tO  CO  CO  <0  CO  CO  CO 
QOOOOOOOOOOOOOQOOOOOOCOOOOOOGO  0000*00  00  00  00*00  00  oc  OO 


r—  -.N  .•.  .■.  — r  — r  I  .  ^  ^  i7«  ^  w  ^  '^i^i  'i^l  yr^  vi;  "T  i" 

13  i3  lO  13  13  i3  13  13  l3  13  »3  I3  >3  13  CO  tO  CO  tO  tO  tO  CO  CO  CO  CO  CO 
OOCOOOOCCCOOO&OOOCCOOO  OO'OO  OO  OOOOOCOOODOOOOOOOOQOOO 


.iHeQcoTi<io<oi^ooc50»HeQco 
*^  r<  ri  ri  rt  r»  ri  rl  rl  rr «  oi 
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cc     oQ  o  »J5  o     x     'N  -t*  -h  ec  'M  o  i-^  -f  C3  -r  c;  'M  i;^  ci:  x 

-f       I*  —  Ci  if^  o  X  -+<  O       ^  I  -       X  -f  O  ^2  — 

t  -  t  -  X  r;  r-.  ~  :r  — ^  n  'M  cc  c<t  -t*  it  i*:  —      i  ^  i  -  x      c;  c  c:  --^ 
—      :i  1^  1^  I—  I—  i>-  I'-  r>»  1^  I-  1^  1^  I-,      1^  00  QO  XI 

QOODooaoaoooaoooaoaoxoDaoooooooaoGOQOcoooacccooso 


O  ca  !>►     -H  i>.         o  c^i  -T<  I*:  ?c     -i«     O  ^D     1^         I  -  r;  — 

t-^  cf:      ^  i:>  y;)      »Q  --i^  <7<i  ^  <Xi  %z  --r  '>i  :^     iii  9fi  ■z^  '>i 

^  ?c      ir:  ^  X     o         I-  cc  c;  I-:  ^      'M  X  -t"  »-:  — t  -jr 

''^  I-  I  -  X  C5  ca  o  O  ^      'M  7C  rc  -f  -t"  » i  -  i  -  x  x  r;  c 

:c  I'-  1^  1^     1^     1^  1^  1^  1^  1^  1^  1^  1^  X  X  oo 

OO  OO  00  OO  CO  QO  CO  00  00  OO  00  OOOOOOOOOO  OOOOCOOO  00  00  QC  00  oo 


cc  csi  O'  oo  15  «— I      —     X  o  ^  'M  n    I  oa  1^  cc  C5  -f  X 

I-     I*:  cc     ^      X  vr     «  ^  Si  I'-     'M  o  X  I't  c:  r  x  t. 

^  t—  CO  oa  If:  ^  'jir      X  -r  -.r  —      cc  c;»  »t  ~  rr  x  cc  it  c: 

•         OO  OO  oa  o  o  ^      CI  cc  rc  »*  »c  ic      i  -      x  x  r;  r;  r  — 

O  cc  CO  ^       t>-  t>.  |>-  1^  1^  1^  l>.       1^  1^  l«  1^  1^  1^  1^1^  X  X 

00  OO  OOOOQOOOOOOOOOOOOOOOOOOOODOOOOOOODQCQC  ocx>oooo 


cc  c^i  ^  '-T  €0  cc  cc  12  ca  fN  cc  -t*  -t*  cc  — '  r;     CI  I  -  CI  »c  x  ^-^  c^i 

—  3  ca  I-  •JMC'  cc  C4  ^  X      »c  cc  ^  c;  I  CI  c  I  -      CI  r;  i>-  -f 

^  »— I  I'-  c^i  X  -t*  O  CI  X  cc  rs  ic  —  CI  X  -r  c  vr  —  I '  :c  x  -h  o 
^  r>-      OO  00  Oi  w      ^  —  CI  CI  cc  -^  -r  •    » -c^  i  -  i  -  x  x  r;  t.  z:  ^ 

tOsOsOCSCCI—  I'-i^i-i'.iL^  1^1^       1^1^  l^l^l^l^       1^1,  X  X 

OOOOOOOOOOOOOOXOOOOX  X  OO  X  X  X  X  X  X  X  X  X  -300000 

ii5-fcc«— ix-HCa-^x^cc  *c?r^>ccc  --x-*«ca-r  x  --<cc»c 

i3  oc  csi  o  ca  I-  c  -r-  cc  —  c;  1^  ic  cc  —  r%  .r  -r  — «  r;  •  ~  -f  —  x 
«^  O  55  <M  OO  'Tt*  r;  »c  —  I '  cc  ra  -f  :r  CI  X  r;  o  — •  CI  X  -t"  ra 
*^     t-»  QO  OO  oa  ca  c  —  -H  CI  CI  cc  -r         I-:  i  -  x  x  r;  ~.  r  c 

0<OCOt3C5^'l--l'-l^i'»l'-  l-l'-l—  I-.I-.  |^|-.|«|«I^  I'-l^X  X 

ooooooQOoooc  xxoox  X  X  X  cc  X  X  X X  X X  X  X  X  X  X 


I-  12  «c  cc  —  I-  CI  I  -  —  It  I-  ra  c  c:  X  ir  cc  c;  ~r  ca  cc  ca  »-h 
cc  CI  «-H  c  I-  T  cc  r.  I-  —  —  c;  I  -  ic  CI  -c:  I  -  •-:  ci  ca  i- 
ca  ic  I— I  I-  CI  X  -t-  \r  c I  1 '  cc  c.  I':  —  ci  x  —  ~  ic  — ^  •  -  c^  x 
ir  i-  X  X  r;  ra  —  — »  ci  ci  cc  cc  —  t':  •  ~  ■  i  -  x  x.  ca  ca  c  C 
O«ocscs:iisi'-i^i^i'-i-«i-i-i-i-i'«i-i-i-i'-i-i'-i'-xx 

OO^OO  GOXOOXXXXXOOXXOOQCXXXXXX  XXOCrOC 


O  O  cc  CS  «5  1^  I-  l>-  1^  1^       1^  1^  1^  1^  1^  X  QC 

OOQOQOQOCOQOQCO&QOQOGOGCQCX-O&QCrQCOOOCQCOCQCGCOCOO 


•  CO  t«  00  A  Q  «-i      CO  ^  lO^apt*  00  03  O  ^  O  CO  <^  lO  Ob- 00  o>  o  • 
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MATHEMATICAL  TABLED. 


^'^Wt>-t«f-r^t^t^C0CDCOCOC0C0CD<0<DCD  C9><D  CD  CD  to  to  lO  X 
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cc  X        Ci  O  ^  O  'M  X  cc  C5  -}*  3  »C                   X  cc 

»c  ic          1^  X  X  r;  c;  r:  c  —  'N  -M  cc  cc  -t^  >c 

XXX  X  X  X  X  X  C;  ^        CJ  C5  Ci  C5 


QOOOX>00^  3OQO0OQO0O  GOQOOOQOOOOO  aOQOOOiQOOOiQOCOQOaO 


—  —  X  »c  'M  X  cc  X  -M  »c         o  oc.  X  t::  cc  o     ^  ic  c^i 

-f  —  X  -t"— '  X-t«— OtS-C<lC^>C  O'^'MX-H  Ci»CO>C^ 

X  —      'M  X  cc      »c  O-ts  ^  I'-  cc  X     Ci  I*:  c 

I  c7  -f  -**  »c         tr      X  X     C5  o  ^  ^  -H  n  :^  rc 


00  X  X  X  X  X  X  X  X  X  X  X  cc  <x  00  c>  ^  5s  wj  ca  Ci 

QOXX)XX>XXXXX>X)aOGOCOOOaOOOOO<»0&ODQOOOOOOO 
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I"  cc  c  —  ~  — '  I--  cc  X 

xxxxxxxxloca6boo&o6a!>5ic^CiriCici 

^  00  30  00  CO  OD  00  00  QO  00  00  OO  00  OO  00  00  00  00  00  00  00  00  00  OO  00 


—  -jr  oi  X  cc  r;  -f  c  »c  — 
I-:  I-:      \r      X  X      c;  C  C  —  —  ci  cc  cc      -t*  ic  ' 


I-  I-  *i       -M  C5  »C  O  iC        17^1  »C       I--.X  »^        -f       C5  »C  O  -t*  OO  — < 

c^i         cc  —  —  cc  c  -j:  c^i  r;  ic     1^  cc  c;  ic  ^  1^  'Ti  X  -t"  c;  -t" 
I  -  'M  X     c  ic  —     c-i  X  cc     ic     ^2  --i  t>-  cc  X     C5  ic  o  c^i 
— •     -M  cc     -*  »c  »c  \r     1^     X     Ci  o  o     ^ 'm  oi  cc         »c  ^ 

X  X  X  X  X  XXXXXXXXXXOOCiCiOCJOiOSCiCS 
OOOOOOOOOC  3O000O3OQC  OOOOOOQOOOOOOOOOOOOOOOOOCOOO  00> 


C-l  X  "-t*  CO 
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ic  o  'M 

^4  iC  *C         '  ~ 

X  X  OD  X  X 


-X  O  —      ^  O  CO  C5  -t*  ca  cc  o 

CCOtTJ-MX^  C^iC-^l'^Oi»XCCC5-t< 

cc  X     w  »c  ^  1^  'M  X  cc  O      O  »C 
I-      X  C5  r:  r  w  <-«  — 4  -M  ca  cc  -t-  »c 
xooooooxoocioocacacdcica 


O  O  Ci  t>.  ic 
r>-  -4*  o 

T  X  cc  Ci 
*  *  —  'N       cc  cc 

X  X  X  X  X  VP-   —       —      —  —  —  —  —  — 

OO  X  OO  X  X  ocoooooooooooooooooooooooooooo-coooooooao 


I — 


cc  cc  f. 
—  X  iC  T'l  X 

— •  I "  cc  X 

— •  CI  ^  cc  C^ 
X  X  X  X  X 
00  «  OO  00  -» 


•    'M  I-         c         »c  *^     o  cc  o  t--  cc  r5  -t*  X 
»c  c>i  X      —  X  -r  r:  -j:  "M  X  -K  O  *^  --1  t-*  c^  X  cc  o 

~  rC  —1  I  -  'N  X        ~.  iC  O        C^l  1^  cc  X  -f       iC  O  ^ 

-t-  ic  ic  I-  X  X  Ci  o  o     ^     (M  cic  cc     »a  ^ 

xxxxxxxooooxoociOiOcaoaoasaoj 

XXXXXOOXOOXXOOQOOOOOaOQOOOOOOOOO 
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Table  5. — ^HYPEiiBOLTr  Logarithms  OF  NUMBKfiS 

njoM  I'Oi  TO  'in.* 
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2-95 

1-0818 

3-38 

1-2179 

A     A  « 

3-81 

l-887(; 

4  24 

1-4140 

2*96 
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1-8429 

il      A  A 

4-26 

1 -449:1 

2*98 

1*091 

O    it  '1 

3-41 

1 -22(17 

A    A  J> 

3-84 

I  'Ol.).) 

^%kar 

4-27 

1-45M 

2*99 

1-0958 

A    ii  A 

3-42 

l-229() 

3  85 

1-8481 

Jt     A  A 

428 

1-4540 

300 

'  1-098(1 

A     ii  A 

3  43 

1  •282(» 

A    A  A 

3-86 
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A  .OA 

1  -4  <  9.^ 
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i-nf)2(» 

^     M  A. 

5  70 

I74O0 

A  .An 

4*42 
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l'879fi 
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i-a8d& 
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712 
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l-9(«l 
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7-57 
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l-849.> 

6-73 
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7  691 

•2-0268 

6-81 

1-8421 

6-74 

l-9$«l 
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1-9699 
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2*0281 

6-32 

1-8437 

6-75 

1*969S 
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1-9713 

7-61 

2  0295 

6*33 

1-8453 

676 

1-9119 

7  19 

1-9^*7 

7621 

2-0808 
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1-8469 

6-77 

l-9H5i 

7  20 

1-9T41 

7.631 

2-0821. 
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1-8485 
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1-9T55 
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5-0884 

e-86 

1-8500 

6-79 
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7-22 

1-9769 

765 

2-0847 

6-87 

1-8516 
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1-97S2 
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6-38 

1-8532 
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6-83 

1-^13 
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6-91 

1-98B0 

7-84 

*  l-998« 

7-77 

:  2*0503 

648 

;  1-8703 

6-90. 

1-9344 

7-36[ 

♦   1 -9911:7 

7-78 

•  20516 

6-50 

j  1-8718  < 

6-93 

1-^9 

ir-ae 

1-9961 

7-79 

2*0528 

0-61 

1 1'iim 

6Mt  vmi^ 

7-87 

i  l-9»74 

7-80  {  2-0541 

1 

88  MATHEMATICAL  TABLES. 


Ko. 

No. 

Log. 

No. 

No. 

Log. 

7*81  ' 

2MK)54 

8-24 

21090 

867 

2-1599 
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2-1114 
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014 

2-21 27 » 
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7-98 
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9*80 
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8-90 
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9*84 

2-2843 
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8*49 

2-1889 
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2-1888 

0*85 

2-2864 
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2-0882 

8-80 
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8-98 
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0*86 

2-2864 
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8-61 
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0*87 
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2-2886 
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2-1486 
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2-2407 
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9*41 

2-2418 
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8-56!  21471 

9-99 
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9-42 

2-2488 
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8-57 

2-1483 
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9*48 

.2-2489 
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'  2  0980 

8-58 

2-1494 
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2-2450 
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8*59 
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9^ 

2-2460 
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1  2-1518 
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2-2471 
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8*61 
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2-2481 
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8-62 

2-1541 
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0-48 
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0^1 
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0*52 

2-2564; 
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9*64 
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11  00 

1700 

*^*8889 
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W  WW 
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9*5052 
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9  71  . 

2*2782 

9  91 
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2-2742 

9  921 
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(Radiub  =  1.) 


Sines 

uf 
Angles. 


Oosiries 

of 
Angles. 
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0 

1  « 

0 

0 

0 

•  90 
!  89-5 

•00000 

5  '5 

84*5 

1  -011585 

o-r> 

-00878 

6 

84 

•1045:{ 

1 

89 

•01745 

(1*5 

S8*5 

-I  1820 

1-5 

•  88-5 

*02(n8 

7 

88 

•12187 

2 

88 

-08490 

7-5 

82*5 

-18058 

2-5 

87*5 

•048(;2 

8 

82 
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3 

87 
•  8G-5  1 
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8*5 

81*5 

-14781 

3-5 
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9  i 

81 

•|5<;48 

4 

86  1 

•Oi;97(> 

9-5  : 

80*5 
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4-5 
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•07840 
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80 
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5 

85 

•0871  (J 
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\ 

Sines   \  Cosines 
"t      I  of 
Angles.  Angles. 
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> 

femes 
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of 
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of 

of 
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o  ' 

1  1 

o 

/9 

•U)U8l 

0 

8l-i> 

0 

58^5 

•52250 

ir.i 

78%> 

•li)!>87 

82 

58 

•52992 

12 

78 

•2U(  iii 

82*i) 

57-5  1  •58780 
57     '  •544()4 

12'4i  . 

77%> 

•2I()44 

33 
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•o5194 
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•28844 

84 

50 
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14 
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84*i) 
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•2.)  08  8 

8.) 
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b)  1 

75 
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3() 
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lb 

74 
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7H-.» 
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87 

53 
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17 

78 

•29287 

8/%) 

52% » 

•()O870 
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•80071 

88 

o2 

•(>1;)00 

IS 

72 

•80902 

8S-;) 

5 1  :i) 

•(>22;)1 

18%) 

mm  •  M 

71%) 

•81780 

89 

ol 

•()2982 

19 

^  1 

i  1 

•82;)i)7 

«  k  i  k  ^ 

89^;) 

oO%) 

•()8<)08 

19*0  ; 

7o-r> 

•88881 

40 

;>0 

•()4279 

20  f 

70 

•84202 

40-4) 

49%) 

•(>494*> 

20*i) 

(»i)%) 

•8.>021 

1  - 

49 

•0500() 

21 

(»9 

•8088/ 

41  -0 

48*«> 

•(>02()2 

21-.*) 

()8%5 

•8()(>50 

42 

48 

•00918 

22 

()8 

•8/4<)l 

42*i) 

4/^i) 

•07559 

22-5 

•882()8 

48 

47 

•08200 

2B 

07 

•89078 

48 -o 

40^5 

•08885 

23-i> 

(;<;•:> 

•898 /;» 

44 

k; 

•094riO 

24 

<»(; 

•401)/ 4 

44'.) 

45^5 

•70091 

24'.) 

<>;■)%*) 

•414(;'.) 

l.> 

4.") 

•70711 

2ii 

(>;) 

•42202 

i.)%) 

44-5 

•7 1 825 

2i>*i> 

<)4%) 

,  •480;)1 

4l> 

14 

•71984 

2<> 

(>4 

•48887 

4()-,) 

18^.) 

•72;)8/ 

2(ro 

()8%) 

•44020 

47 

18 

•78185 

27 

(»8 

•45899 

4  1  %> 

42^5 

•78728 

27't> 

(>2%') 

•40175 

48 

42 

•74814 

28 

<>2 

•4(;itl7 

48^j) 

41-5 

•74890 

2S*i> 

<>1%) 

i  -i^/io 

49 

41 

•75471 

29 

(>1 

•48481 

49^5 

40-5 

•70041 

29-5 

(;()%"'i 

i  49242 

50 

40 

•7()0O4 

80 

•50000 

50-5 

89^5 

•77102 

.->u  •> 

1  %)Ui.)4 

.)] 

89 

•77715 

31 

!  59 

•51501 

:)!•:) 

88-5 

•78201 

^  Nj  ^  ^d  by  Google 


SINES  AN1>  COSlI<}K8  OF  ANQLE8.  9 


Sines 

Cosines 

J 

Cosines 

of 

of 

Values. 

Of 

of 

Values. 

Angles. 

Angles. 

Angles. 

Angles. 

o' 

o 

o 

o 

r>2 

as 

•7.SS01 

7 1  -5 

18-5  1  -Djsnj 
18    .  -imkm; 

r>2'."> 

87-5 

'7'J885 

-y 

87 

-71)S(;  I 

7*^ -5 

1  <  .» 

.N»o  <  J 

8()-5 

•8U8S() 

78 

1  7 

:a 

8(; 

-80902 

78 -5 

1  \f  '} 

54*r» 

85-5 

-81412 

74 

I  (I 

•O/i  1  Ol! 

•» 

•>•> 

35 

•81915 

74*5 

1  • )  f  1 

,H)>)Oi) 

;>#>'.> 

84-5 

•82418 

»m  ^ 

ill 

1  - 
1  • » 

yi ).).».  I 

')() 

84 

•8*>iM)4 

1  1  /  •  / 

II-'. 

»/Uo  If) 

.")()•;*> 

88-5 

•88881) 

7(> 

1  r 

.)  / 

88 

•838(»7 

i  1 1  . » 

I »)  . ) 

«>  1  *•> 

82-5 

•84889 

7  7 

58 

82 

•84805 

It  • ' 

•07<t*^n 

58*5 

31-5 

•852(54 

78 

.07  Q  1 

81      '  -85717 

7S'5 

.fl7<|(i.> 

51) -."i 

30-5 

•86163 

70 

1 1 

;m~  1 '  >. > 

60 

30 

•86602 

60-5  ' 

29-5 

•87036 

80 

10 

•  ni 

29  ' 

•87462 

80-5 

t) 

61*5 

28-5  .  -87882 
28     1  -88295 

• 

81 

<;2 

8 1  "5 

8**% 

<>2-5 

27-5 
27 

••88701 

82 

8  ' 

.00097 

*  •89101 

8*>*-5  ^ 

—  w 

1*1 

•001  11 

63*5 

26-5 

•89493 

88  ' 

7 

26 

•  -89879 

88-5 

\}  •  J 

04 'ii 

25-5 

•90258 

84 

(J  ' 

•004 

65 

25 

•90631 

84*5 

m  m 

65 -5 

24-5 

-9099G 

85 

•  # 

•99619 

66 

24 

•91354 

85  •.'S 

4-5 

•99692 

66-5  23-5 

•91706 

86 

4 

•99756 

67 

28 

•92050 

86 '5 

3-5 

•998 18 

67-5 

22*5  -92388 

87 

3 

•99868 

68 

22     ■  -92718 

87*5 

2-5 

•99905 

68-5 

21-5 

•93042 

88 

2 

•99989 

69 

21 

*  -93358 

88-5 

1-5 

•iMjDiw; 

69-5 

1  20-5 

-93667 

89 

•99985 

70 

20 

-93969 

89-5 

•9999(; 

70-5 

19-5 

•94264 

90 

J -00000 

71 

19 

•94552 

\ 
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'    92  MATHKMATICAL  TABUSS. 

Taijlk  7.— Tangents  and  Cotangents  op  AxaLlBB  vroM  • 

0"  TO  90^* 


(Radius  =  1.) 


Tiiujionts 
<  >i 

C<>tan- 

iangents 
of 

,  ,  1 
Cotan- 

geuis  (>i 

geiits  of 

Values. 

Angles.  ) 

Angles. 

Augles. 

• 

Angles. 

.  

— — ^— — —  - 

o 

0 

o 

1)0 

•00000 

o 

1 S-5 

o 

/I'.) 

0%> 

89-5 

•(M)S73 

19 

i  1 

1 

89 

•(H745 

19-5 

^  (I*.) 

oo4  1 1 

1-5 

88-5 

•02r)iu 

20 

/O 

OUOiJ  / 

2  88 

•08492 

20-5 

09  •> 

o  i  .Sc'Cs 

2-5 

87-5 

•048r,n 

21 

<)9 

.  •  >  u  •>  o  <  t 

% 

1  «7 

•05241 

2 1 -5 

08*i> 

0;F,">;f  1 

.  8f>-5 

•(m;i  k; 

22 

()8 

4U4Uo 

4 

1  8(; 

•(»(;i)ii8 

22-r) 

4  1  4Z  J 

4-r» 

8.")*.') 

•()7S7o 

28 

<)  / 

4^4*1  / 

5 

•nS749 

28  m 

'\  o  4-  o  1 

J  5*5 

84-:> 

•():>r.29 

24 

44.>  Jo 

f> 

:  84 

24-.> 

t  G-5 

83-5 

•11894 

25 

(l.) 

•tuilo  1 

7 

88 

•1227S 

2.»\> 

n4  .) 

7-5 

S2':) 

•I8i(;:. 

21. 

04 

•»o  I/O 

S 

82 

•14():>1 

20-.) 

68-5 

s-:> 

8i-r> 

•1494r> 

27  , 

63 

t>U«fOZ 

i> 

81 

•15888 

27-5  1 

62 -5 

i)-r> 

80%> 

•l(;784 

28 

(>2 

{>Olf  i 

80 

•17088 

28-5 

61-5 

1  79-:> 

'  79 

•18534 

29  , 

61 

i  I 

•19438 

29-5 

60^5 

1 1  -5 

78-5 

•20345 

30      i  60 
30-5    1  59-5 

Off  Oil 

12 

;  78 

1  -2125(1 

12%> 

'  77-5 

•221B9 

31      \  59 
31-5  58-5 

13 

77 

•23087 

.  13-5 

7(5-5 

1  •24008 

32  58 
32-5  57-5 

33  1  57 

o^»o  1 

U 

^  7C 

1  ^24933 
'  ^25862 

•tfSQ7nQ 
•wo  /  Uo 

14-5 

75-5 

15 

75 

1  -26795 

33-5 

56-5 

-66189 

15-5 

74-5 

•  •27<32 

34 

56 

•67451 

16 

74 

•28(i74 

345 

55*5 

•68728 

•  in-5 

*  73-5 

•29621 

35      !  55 

•70021 

17 

73 

•30573 

35^5 

54*5 

•71829 

17-5 

72-5 

•31580 

36 

54 

•72()54 

18 

72 

•32492 

36-5 

53-5 

•73996 

"1 

*  See  Introduction,  an/e,  p,  6, 

Digitized  by  Google 


TANGBNTH  AND  COTANOBNTS  OP  AXOLBH.  93 


 j 

Tangents 

Cotan- 

Tangents 

Cotan- 

Val ill's. 

of  1 

gents  of 

Values. 

of 

gents  «»f 

Ani?lt*M 

o 

87 

O 

58 

'75855 

o 

57*5 

o 

82-5 

87-5 

52-5 

•7<>7(;8 

58 

82 

'  l-<;oo88 

88 

52 

•78129 

58*5 

81^5 

1  ^ 

!  1-(;8185 

8S-5 

51-5 

•71>544 

59 

81 

l-(;ii428 

81) 

51 

•8(11)78 

59*5 

80-5 

J  •09700 

89-5 

5U-5 

•82484 

(;o 

80 

1-78205 

40 

5(> 

•881Hi) 

(;o-5 

29-5 

1-70749 

40-5 

4 '.1-5 

•85408 

(;i 

2!> 

1  •so4(»r) 

41  1 

4il 

•8<;i)29 

(;i'5 

28-5 

1-84174 

41-5 

4S-5 

•88472 

(12 

28 

1-SS078 

42 

48 

•1)0040 

(;2-5 

27-5 

l-:*209s 

42-5 

47-5 

•in()88 

i;8 

27 

l-iHi201 

48 

47 

•1182.')  1 

<;8-5 

2rr5 

2-005()9 

48*5 

4(;-5 

•lJ48liij 

04 

2(i 

,  2-05080 

44 

4<; 

•im;:)()1) 

i;4-:) 

25-5 

2-090:)4 

44-5 

45*5 

•<JS270 

(>:> 

25 

2-14451 

45 

4."i 

I'OOOOO 

('».'>  "5 

24-5 

2-19480 

45*5 

44T> 

l-Ol  TCI 

(*><; 

24 

2-240O4 

4n 

44 

l-();i:>:»8 

i;(;-5 

28-:) 

2-29984 

4G-5 

48-5 

1  •058  78 

07 

28 

2-87)585 

47 

48 

1  07287 

07*5 

22-5 

2-41421 

47-5 

42-5 

i-o'.n8i 

08 

22 

2-47509 

48 

42 

1-1  10(11 

(i8-5 

21-5 

2-58865 

48-5 

4 1  -5 

I- 18029 

09 

21 

2-00509 

40 

41 

M5087 

09-5 

2CK5 

2-(if462 

4l)-5 

40-5 

M7085 

20 

2-74748 

50 

40 

1  19175 

70-5 

19-5 

2-8B891 

50-5 

81l*5 

1-21810 

71 

19 

18-5 

18 

2-90421 
2-98868 
8-07768 

51 

89 

1-28490 

71-5 

51*5 

38'5 

1-25717 

72 

52 

88 

1-271H)4 

72-5 

1 7-5 

8iri59 

52-5 

37*5 

1-30828 

78 

17 

8-27085 

53 

87 

1-32704 

78-5 

l«-5 

3-87594 

53-5 

30-5 

1-35142 

74 

10 

3-48741 

54 

1  •87088 

74-5 

15-5 

8-60588 

54-5 

85*5 

1-40195 

75 

15 

8-78205 

85 

1-42815  . 

75-5 

'  14-5 

8-80671 

84*5 

i-45501 

76  1 

7<;-5  ' 

14 

4-01078 

5(1 

84 

l-4825r> 

1 8-5 

4-16580 

5«-5 

38*5 

V51(m4 

77 

18  • 

4-88148 

S7 

83 

1*38!WB 

77-3    ♦  12*5 

 i  

•  4'51071 

Digitized  by  Google 
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Tangents 

(>)t;m- 

1 

0>tan- 

of 

(  f^'  1  f  t  *2  III 

>  muesa 

lit 

Ileitis  III 

V:i1  llPh\ 



Angles. 



Angles. 

AngleH. 
** 

0 

— 

o 

• 

12 

84-.I 

I0'88o40 

1 1*.> 

4-i)ir>i(; 

85 

_ 

11*4800;) 

<  \) 

1 1 

."rl  4455 

85*5 

4-5 

12-70(;2() 

i()*r) 

5-:J!)552 

81; 

4 

14-80O(>7 

S(l 

1(1 

5-(;7128 

8li-5 

3*5 

l(;-84i)85 

«.)•.") 

5  1)757('> 

87 

8 

U)-()8 11 4 

HI 

(;-8i37.) 

87-5 

2*5 

22-00877 

<  >  - 

irbUlKi 

88 

•7 

«•< 

28-(;8»)25 

a.  1 

"  8 

rllo87 

88-5 

1-5 

88-18841; 

7-51)575 

89 

1 

57-2800(*»  ■ 

S8 

7 

8-14485 

81K5 

0-5 

114-58805 

8-77(;81> 

00 

0 

iuliiiitu. 

H4 

!)-51  fHi; 

• 

1'ABi.E  8. — Lenuths)  01-  Circular  Akcs  from  r  to  180%* 


(llA01US=l.) 


1 

^  Deg. 

Lengtli. 

Dcg. 

Ijdigtli. 

Deg. 

!  Length. 

1 

Deg.  1 

Length. 

1 

•0175 

20 

•8401 

39 

'  •(;s()7 

58 

vol  28 

2 

•0840 

21 

-8i;(;5 

40 

•(i081 

59 

1^0207 

3 

•0524 

22 

•8840 

41 

.  '71 5(; 

60 

1-0472. 

1  4 

•0(;08 

23 

•4014 

42 

•7880 

61 

i^u(;i7' 

5 

•0878 

24 

•41 S!) 

43 

•7505 

62 

1  -082 1 

6 

•1047 

25 

•48<;8 

44 

•7(;70 

63 

l-UOOC) 

7 

•  1  '222 

26 

•4588 

45 

•7854 

64 

1-1170 

8 

•I80(; 

27 

-4712 

46 

•8020 

65 

1-1845 

9 

•1571 

28 

•4887 

47 

•8208 

66 

1-1510 

1 

•1745 

29 

•50i;i 

48 

•8878 

67 

i-n;o4 

11 

•1020 

30 

•528(; 

49 

•8552 

68 

1-18(18 

12 

•2004 

31 

•5411 

50 

-8727 

69 

1-2048 

13 

-22r»o 

32 

•5585 

51 

:80lfl 

-OOrC) 

70 

1-2217 

14 

•2448 

.  33 

•57(50 

52 

71 

1  -2802 

16 

•2(;i8 

34 

•5084 

63 

-0250 

72 

l-25(;(; 

16 

•2708 

35 

•(;ioo 

64 

•04-25 

73 

1-2741 

17 

•20()7 

36 

•('.288 

65 

•0500 

74 

1-2015 

18 

•8142 

37 

•r,45S 

56 

.  ^0774 

75 

1-8000 

19 

•8811) 

38 

•r)(;8-2 

57 

•004S 

76 

l-82(;5 

Digitized  by  Google 


LBNGTHB  OF  (  lUcULAK  AUCS.  J) 


Length. 

LfUj^th. 

-   

liPUgtll. 

Or-. 

Length. 

1 

77  ■ 



1-3430 

1 

103  > 

1-7977 

129 

2-2515 

155  1 

2-70.>S 

78 

104 

1-8  IT)! 

130 

2-2(>l)0 

156  j 

2*7227 

79 

1-37SS 

105 

l-832(; 

131 

2-2S<;4 

157  , 

2-7402 

80 

l-8iM;8 

106 

l-sr.oo 

132 

2-303S 

158 

2-757<; 

81 

1-4137 

107 

l-8(»7:) 

133 

2-3213 

159 

2-7751 

82 

1-4312 

108 

l-88r)0 

134 

2-33S7 

160 

2-71)25 

83 

1-44X1; 

109 

1-1)024 

135  1 

2-35(;2 

161 

2-8100 

84 

i-4(;(ii 

110 

1-1)11)1) 

136 

2-3  73i; 

162 

2-8274 

85 

1-4S3:) 

111 

1-1)373 

137 

2-31)1 1 

163 

2-.S44!) 

86 

1-5010 

112 

i-i)r)is 

138 

2-40S(; 

164 

2-S(;23 

87 

]-:)is4 

113 

1-0722 

139 

2-42i;o 

165 

2-S7l)S 

88 

l-r)3r)i) 

114 

1-1)81)7 

140 

2-4135 

166 

2S1)12 

89 

i-r)r>33 

115 

2-0071 

141 

2-|<)01) 

167 

2-1)147 

90 

l-r>708 

116 

2-024i; 

142 

2-47S4 

168 

2-1)32 1 

91 

1-:>SS2 

117 

2-0420 

143 

2-4l)5S 

169 

2-1)  I IM) 

92 

i-()0:)7 

118 

2-051):) 

144 

2-5 13S 

170 

2-l)r.7I 

93 

l-(;232 

119 

2-07()i) 

145 

2-5307 

171 

2-l)S45 

94 

i-r,4()i; 

120 

2-01)44 

146 

2-54S2 

172 

3-0020 

95 

i-<;r>8i 

121 

2-1 118 

147 

2-5<>5i; 

173 

3-011)4 

96 

i-(;7:>:) 

122 

2-121)3 

148 

2-58:n 

174 

3-03(;i) 

97 

123 

2-14(;8 

149 

2-l>0l)5 

175 

3-0513 

98 

1-7104 

124 

2-HU2 

150 

2-()lS0 

176 

3-07  IS 

99 

1-7271) 

125 

'  2-1817 

151 

2-(;354 

177 

3'0S1)2 

100 

l-74r)3 

126 

A  Mr  W 

2-11)1)1 

152 

2-(1521) 

178 

3-1 01 ;  7 

101 

1-7<)2S 

127 

2-2l()i; 

153 

2-(;704 

179 

3-1211 

102 

1  1-7802 

128 

2-2304 

1 

154 

2-('»S7S 

180 

3-1  in; 

Table  9. — Lengths  of  Circulak  Arcs,  up  to  a 

Semi-circle.* 

(Chord  =  1.) 


lU'ight. 

Length.  | 

Ilright. 

l.en:-:ili.  | 

H.lght. 

liongth. 

HH.L'ht. 

Li'iijjtl 

•001 

1  -00002 

•009 

1-0002 -J 

•017 

1-00078 

-025 

1-OOlG 

•002 

1-00002 

•010 

1-00027 

•018 

j'OOOSl 

•026 

loois 

003 

1 -00003 

•Oil 

1  •00i»:i2 

♦019 

l-oi)0«.)7 

•027 

1-00  U) 

•004 

1-O0OO4 

•012 

1-0OO3S 

•020 

|-o()lo7 

•028 

Vo021 

0D5 

1*00007 

•013 

l-(>nn45 

•021 

l-ool  17 

•029 

1-0022 

•006 

1-00010 

•014 

l-()oo5:; 

•022 

1-<H)128 

•030 

1-002[ 

-007 

1*00018 

•015 

i-oooi;i 

•023 

IMMM  40 

•031 

1  -0025 

•008 

1*00017 

•016 

L-ooo»;ii 

•024 

1-00153 

032 

1-0027 

-   *^i!5W  l!itro«luction,  w^f,  p.  7.--- 


Google 
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Height. 

Length. 

Height. 

Length. 

Height- 1  Length. 

Height. 

Lengtli. 

033 

1-UU2S9 

076 

l*01i>.^3 

119 

1-08784 

1  . 1  k  i  *  O 

1  Ot)o.)i> 

034 

l*U(>:;o7 

/-V  M<  fi^ 

077 

I'Ul.)/.^ 

•120 

l-087i)7 

•loo 

I  001)4  1 

035 

1-(M):J27 

/X  M  O 

•078 

1MHI»14 

•121 

l-088(;0 

•1d4 

I  (h  0J.> 

036 

l*oi);Mr> 

•079 

lM)ir»:>(; 

•122 

1-081)28 

•loo 

1  '0 1  1 01) 

037 

1  -UO.)*)] 

•080 

•123 

l-(i8i)S7 

1  CO 

-Ibo 

rO/l;)4 

•038 

•081 

I'Ul <  i  I 

•124 

l-040.")l 

•IbT 

039 

•082 

1-()17S4 

-125 

l-0411() 

•168 

1  -0/o(».> 

•040 

AAA 

•083 

1*01828 

•126 

1-04181 

1  0^4iM 

•041 

1-00417 

•084 

l*ai872 

127 

1-04247 

170 

l*0/i)o/ 

•042 

i*o()4i;u 

086 

•128 

1-04813 

*171 

1*0/ bJ4 

•043 

lM)(>4l)2 

•086 

1-U1UC)1 

•129 

1-04880 

•172 

V\Jt  ill 

•044 

1  'uor*  1.") 

087 

1-02(>(H> 

•130 

1-04447 

•173 

1  Ui ivv 

^  A  P 

•045 

IM )().).  VJ 

•088 

1-U2052 

•131 

l*04r)l.') 

•174 

I'U?  ooo 

•046 

l*00.")<)3 

^  rf-fc  f\ 

•089 

1  jk^%ikJkA% 

1 -0201)8 

•132 

i*04r»si 

•175 

l'Uf977 

047 

i-oor»87 

•090 

1       A  k.-\  1      <  /> 

1*02146 

•133 

l-04(i;')2 

176 

I'OoOoa 

•048 

i'00(;i2 

•091 

1-02102 

•134 

1-04722 

•177 

1  Ooiob 

•049 

•092 

1*02240 

•135 

1-0475)2 

•178 

l*Up24w 

•050 

l-00()<».'> 

•093 

1*02289 

136 

l*048(i2 

*179 

rOooo/ 

•051 

•094 

1  •02339 

•137 

1-04932 

1  OA 

180 

1  Oo*/a 

•052 

1*U0720 

•095 

1  •02389 

•138 

l'0r*(K)3 

•181 

•053 

1  •00748 

•096 

I  •02440 

.  139 

i-or>07:) 

•182 

i  UooXX. 

l*007/o 

.  '097 

1 '02491 

•140 

1-05147 

*lo3 

1  Uof  U's 

•055 

I'OOoOo 

•098 

1^02o42 

•141 

103320 

t  OA 

*184 

1  Uo/  •>  # 

•056 

1'00834 

AAA 

•099 

l*02!i98 

•142 

1-052^3 

IOC 

*lod 

1  •Afifiun 
1  UooiiU 

•067 

I  00804 

<  AA 

■100 

1 '02646 

143 

l-053()7 

•leo 

1  UOv^oir 

058 

1  00805 

4  A1 

•101 

I '02698 

•144 

105441 

•187 

1  •llQIlTtI 

•059 

1*00928 

•102 

l'027o2 

l'05ol6 

•188 

•060 

1  00957 

«  aa 

•103 

1 '0280b 

•146  l-OoSDl 
•147  'i-05607 

t  AA 

•189 

I  uyjby 

•061 

1  -00989 

•104 

r02860 

1  AA 

•190 

AAA 

'062 

I  01021 

«  aK 

•106 

1  .Art  Al  1 

1'02914 

•148 

1-05748 

1  Al 

•191 

1  •IKlAC  t 

1  uy-to  1 

AAA 

•068 

1 '01004 

^  aA 

•106 

1*03970 

•149 

1'058H) 

1  AO 

•192 

1  •Ado A 7 

•064 

1-01088 

•107 

1 '08026 

•160  1  0589(5 

•195 

•065 

1-01128 

«  AA 

'106 

1*03082 

-161 

i-05978 

1  t\A 

•194 

1  Oiii  o2 

A  A«A 

•066 

1*011*>8 

4  AA 

•109 

1 '03 139 

•162 

l-060r)l 

t  AC 

-195 

1  ODooU 

•067 

1-0119S 

•110 

1'03196 

-153 

1 -Of)  180 

•196 

1  osu)4y 

AAA 

'068 

1*01229 

« « « 
•111 

l*0»2o* 

154 

1-06209 

«  AIY 

•197 

1  •! /Alt  t  U 

JAMA 

-069 

t    #d  A/*dl 

l*0126jl: 

*I18 

l'03oI2 

•155 

1-06288 

.1  AO 

•198 

1  lUJ  t / 

•070 

1 '01 302 

•113 

1^033  71 

•156 

1-063G8 

1  AA 

•199 

1  .1  i  l*>  1  7 

•071 

1'01338 

•114 

1 '08430 

•157 

r'0fi449 

.AAA 

•ZOO 

1*10347 

•072 

I'OISTC) 

M 

•115 

1*03400 

•158 

r-(H;r)80 

AA1 

•201 

1*10447 

•073 

1'01414 

•116 

1*03:>:)1 

•159 

i-onr.n 

•202 

I  10548 

•074 

l-014r)8 

•117 

i-08(;il 

•160 

i-(mr»98 

•203 

l-lOHoQ 

•0^6 

|l-0H98 

•101 

•MM^-4^407«»2 

Digitized  by  Google 
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Heip^ht.  1  Length. 

HefghtJ  Length. 

1 

Height'  Length. 

•205 

l*108i>i) 

"248 

rl.)<»/0 

AA4 

•201 

1  2 1  l.Vj 

AAA 

*206 

•249 

rl.xDI 

.AAA 

•292 

r  J 1 0 1 7 

•207 

ri  1()(»2 

.OCA 

•250 

1  J  otM  J 

•  aao 

293 

1  J  1  i)  1 .) 

•208 

I'll  l(».> 

•261 

1.1    k*>  1 

.AAif 

'294 

1  .ki  1  /'."i  1 
I  Jli);>-t 

•209 

'262 

r  1 (» 1  .>(> 

.A  AC 

295 

1 V 1  / 

•210 

I '113/ 4 

AK  O 

•253 

1  liiZ  i  If 

.AAA 

^96 

1  .*>  1  #1011 

•211 

1*1  l4/i» 

•254 

I  H>4UJ 

297 

1  '^''XM'i 
1  ZZU/o 

•212 

I  1  ir),s4 

•256 

11 <M)2(» 

•A  AO 

^98 

1  .Oi)0  1  Q 
I   IdZ  1  »> 

•213 

ACO 

•256 

1 

1  Hm>.»(i: 

.O  AA 

299 

1  lln.>± 

•214 

1  'l  !  7!M> 

•257 

1  .i  If  1* 

1  'MW  i  4 

.AAA 

300 

1  •«)•>/(  1  k 

-216 

1  •!  n)<)4 

A  e  o 

•268 

1    m~i  i*Ol  k<  i 

.n  Ai 

301 

1  zzn.if) 

•216 

1  1  /  k  1 1 

AKA 

•269 

1.1  <7lk>>  1 

1  I70z4 

.AAA 

•302 

J  Z  J  <  /  N 

•217 

l^i2i  IS 

aoa 

•260 

t  .1         •  1  k 

I'l  /  I.jO 

•308 

1  .»)<)ii>>ik 

•218 

I  •|222.> 

'261 

11  i  Zi^y 

.  O  Ail 

•304 

1  .OilHi*** 

1  VolM).) 

•219 

t     t  A  C%  O  1 

AO  A 

•262 

1  •1740.> 

OAC 

'306 

•220 

X'VIAW 

•263 

11 ^ ooO 

.O  AA 

'806 

1  .0*10  l(k 

1  Zo.">41) 

•221 

1  •  1 2o.)  I 

•264 

1  .1  T/*"  T 

.O  AIV 

'807 

1  l:.i4;)^ 

•222 

•265 

1.1  "  7  U  ( 

r  1  <  /  s  4 

.OA  A 

•308 

1  z.in.i'  ► 

•223 

1  127/ 4 

'266 

•309 

1  •    U  *"  *«!  1  k 

•224  ' 

1  .1  ii"!  O  O  ~ 

l*l2HS.) 

•267 

1  •  1  U<  1  1  /  k 

.O  t  A 

•310 

1  .O^i  (»•>/" 

•226 

•268 

ri«S|lrJ 

.O  1  1 

'311 

1  •  0  1  <  1 "  1 1 

•226 

I 'Li  1  OS 

269 

1-18291) 

.O  1 A 

*312 

I  .s+Z  1 1» 

•227 

r  182 11) 

•270 

11 8429 

•313 

1  ^4.in  1 

•228 

1  •lri.^31 

•271 

1-18559 

•314 

1  J4;>' '  < 

•229 

1  13444 

•272 

1'18<)S9 

.o  1  e 

•316 

l\f  4')«)4 

•230 

•273 

M8820 

•231 

l*13f>/ 1 

•274  iM8951 

•317 

1  •»)  t  u  t  u 

I  Z4y4o 

•232 

rl,i  /8.> 

•276 

1  -1 9082 

•318 

L  Z;>U«'i) 

•233 

r 18900 

•276 

M92I4 

•319 

1 

•234 

rl401;) 

•277 

M934t; 

.0  AA 

•320 

1  Ji>«>J7l 

•236 

M4181 

•278 

M9479 

OA  1 

•321 

1  J(>{>40 

•288 

1'14247 

•279 

l-19«l--> 

.0  AA 

•322 

237 

Pl4.w3 

•280 

1  1974(; 

.OAO 

•323 

1  ZOooo 

•238 

1 -14480 

•281 

M988() 

.a  A>i 

'324 

1  ZOWOO 

■239 

1  -  Hoi)/ 

•282 

1-20014 

.0  A  C 

'326 

1*26188 

•240 

1  •  1 4  / 1 1 

•283 

1-20141) 

-326 

•241 

1  •  1 48.->2 

•284 

1-20284 

-827 

126487 

•242 

1- 14951 

•286 

1-20419 

•328 

1*26588 

•243 

M5(>70 

•2S6 

1-20555 

-829 

I  •an74U 

•244 

1-15181) 

287 

a -20691 

-830 

il-2^2 
'l-27»)44 

•246 

!•  15308 

•288  U-2(>A27 

-381 

•246 

1^1542S 

289 

•888 

11-27196 

tl-27849 

1 

•247 

fi*ioo4y 

290 

|l*dl9O0 

-Aa»A 

TfUO 

Betglit  LenteM 


3 


334 
336 
•336 
•337 
•338 
•339 
'340 
•341 
•842 
343 
•344 
•346 
•346 
•347 
•348 
•349 
•350 
•361 
•352 
•853 
•354 
•366 
•356 
-367 
•358 
•359 
•360 
•361 
•362 
•363 
•364 
•366 
•366 
•867 
-868 


•370 
•871 
•872 
'873 
-374 
•879 

-A»*A 
U|  V 


•27502 
•27H5(; 
•27810^ 
•278f;4 
•28118 
•28278 
•28428 

•28588 
•2.8-789 
•28895 
•29052 
•29209 
•2980r» 
•295-28 
•29r)81 
•29888 
•29997 
•801 5(; 
•80815 
•80474 
■80(184 
•80794 
•80954 
'81115 
•81 270 
•81437 
'81599 
'81761 
•81928 
•32086 
•32249 
•3241^ 
•32677 
-32741 
-32905 
1*33069 
133234 
1-S8899 
l-38riB4 
1-38780 
1-33896 
1-34063 

In  i  nun  Itf 


H 
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MATHBMATrCAIi  TABI.EB. 


Height 

Lengtli. 

Height. 

Lexigth« 

— -  -  - 



•377 

- 

1-34890 

•408 

1^89724 

- 

•439 

1-45327 

-470 

1-51185 

•378 

1  •34r>(;3 

•409 

1  •89900 

•440 

1-45512 

•471 

1-51378 

•379 

1-34781 

•410 

1  •40077 

•441 

1-45097 

472 

1*51571, 

•380 

1-84SIM) 

•411 

1^40254 

•442 

1-45888 

•473 

1-51704 

•381 

I'HoODH 

•412 

1^40482 

•443 

1-4001)9 

474 

1-51958 

•382 

1-85287 

•413 

i-4orao 

•444 

I  40255 

475 

1-52152 

•383 

l-8r>4()(> 

•414 

1^40788 

•445 

1-40441 

476 

1-52340: 

•384 

1  ♦855  75 

•415 

l-4i)9f;0 

•446 

1-40028 

477 

1-52541 

•386 

1  •85744 

-416 

1-41145 

•447 

1-40815 

•478 

1-52780 

•386 

1-85914 

•417 

1-41824 

•448 

1-47002 

•479 

1-52981 

•387 

1  •80084 

•418 

1^41 508 

•449 

1-47189 

•480 

1-5812(; 

•388 

l-8«i254 

•419 

1^4H;82 

•450 

1  47877 

•481 

1-58822 

•389 

l-8(;425 

420 

i-4is(;i 

451 

1  •47505 

-482 

1-585 1 8 

•390 

l-8ti5i)<; 

•421 

r42041 

•452 

P47758 

•483 

1-58714 

•391 

1-8G7(;7 

•422 

r42221 

•453 

1  47942 

'484 

1-53910 

•392 

l-3(;i)81» 

•423 

1-42402 

454 

1-48181 

•485 

1-54100 

•393 

r87111 

•424 

1-42588 

•465 

1-48820 

'486 

1  •54602 

•394 

1^87288 

•425 

1-42704 

456 

1-48509 

-487 

1-54499 

•395 

r87455 

-426 

1  -42945 

•457 

1-48099 

-488 

1*54696 

•396 

1  •871)28 

•427 

1^48127 

•458 

1  •48889 

-489 

154896 

•397 

1  •878(11 

•428 

1-48809 

459 

1-49079 

-490 

1  -55091 

•398 

l-87t>74 

•429 

r48491 

•460 

1  •49269 

491 

1-55289 

•399 

r38148 

•430 

1  •48078 

461 

1-49460 

•402 

155487 

•400 

1*38322 

•431 

1-43850 

•462 

1^496r>l 

•493 

1  55685 

•401 

1-68490 

•432 

1-44039 

•463 

r49842 

•tt4 

l*558o4 

•402 

1-38671 

•436 

1-44222 

•464 

l*o0068 

-m 

l-56a88 

406 

1-3884(5 

434 

1-44405 

•465 

1*50224 

•406 

1*56262 

-m 

1-^9021 

435 

1-44589 

•466 

1*50416 

467 

i^56461 

i  '405 

1-391 90 

•466 

1-44778 

467 

1-50608 

•486 

1-56681 

i  -406 

1-39372 

•437 

1-44957 

-468 

1-50800 

499 

1-56881 

1-39548 

486 

1^45142 

•469 

1*56992 

•000 

l-5?O80 

Tablb  10< 


SsaflClBOLB.^ 
(DiAMBTBB  OP  GiBCLE  «  1.) 


Heigtat. 

Am. 

Hei^t 

Am»- 

Height. 

AXttL 

Height. 

ATM. 

001 

-002 
-003 
-004 

•000042 

•005 
-006 

-007 
•006  1 

-000471 

•009 
-010 

•Oil 
•012 

•001165 
•00166 
-00153 
•00175 

•013 
014 

-015 
-016  j 

•00X97 

•000119 
-000210 
H)00367 

•000619 
•000779 
•000952 

•ooaao 

•00^ 
-00266 

Digitized  by  GoogI 
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HfiiiditJ 

•017 

•00294 

•060 

•01924 

•103 

•042<;9 

•146 

•07103  ; 

•018 

•00320 

•061 

•01972 

•104 

•043H(» 

•147 

•07174 

•019 

•00347 

•062 

•02020 

106 

•04391 

•148 

•07245 

<KiO 

•003  7 :> 

•083 

•020(iS 

•J  06 

■04452 

•149 

•0731(1 

•021 

•004(»3 

064 

•02117 

•107 

•01514 

150 

•07387 

022 

•00432 

066 

•021<W> 

•108 

■0457r> 

•151 

•07459 

•028 

•004<>1 

066 

•02215 

•109 

•Oit)3S 

•152 

•07530 

•024 

•00492 

067 

•022()5 

•110 

•01701 

•153 

•07r»03 

026 

•00.>23 

068 

•023 1 5 

•111 

•047<;3 

•164 

•07(;75 

•026 

•oor):).') 

•069 

•023*;h 

•112 

•0482<; 

166 

•07747 

027 

•00.>^S7 

070 

•024 1 7 

•113 

•04889 

•166 

•07819 

•028 

•00(519 

•071 

•024r»s 

•114 

•04953 

•167 

•07892 

•029 

•ooa:>3 

072 

•02520 

•118 

•05011; 

•168 

•079i;5 

•030 

•00t)87 

•073 

•02571 

•116 

•05080 

•169 

•08038 

•031 

•00721 

•074 

•02^24 

•117 

•05145 

•160 

•08111 

•032 

•007.'>() 

075 

•02071; 

•118 

•05209 

•161 

•08185 

•033 

•00792 

076 

•02729 

•119 

•05274 

•162 

•08258 

034 

•00828 

077 

•02782 

•120 

•05338 

•163 

•08832 

•035 

•U08(;4 

•078 

•0283(; 

•121 

•05404 

•164 

•0840t; 

•036 

•00901 

•079 

•02889 

•122 

•054(;9 

•166 

•08480 

•037 

•00939 

080 

•02943 

•123 

•05535 

•166 

•08554 

•038 

•00977 

•081 

•02997 

•124 

•05000 

•167 

•08029 

•039 

•01015 

•082 

•03053 

126 

•0o6()(> 

•168 

•08704 

O40 

•01054 

•083 

•03108 

126 

•05733 

•169 

•08778 

•041 

•01093 

•084 

•031(;3 

127 

•05799 

•170 

•08854 

•042 

•01133 

•086 

•(»3219 

•128 

•058(;(; 

•171 

•08929 , 

*043 

•01173 

086 

•03275 

•129 

•05933 

•172 

•09iM)4 

•044 

•01214 

087 

•03331 

•130 

•0()000 

•173 

•09O80 

045 

•U1255 

•088 

•03385 

•131 

06067 

•174 

•09155 

046 

•01297 

•089 

•03444 

•132 

•06135 

•175 

•0928 r 

•047 

•01340 

•090 

•08501 

•133 

•U6203 

•176 

•09307, 

•048 

•01882 

•091 

•08588 

•134 

•06271 

•177 

•09383: 

049 

•01425. 

992 

•08616 

•136 

•06889 

179 

•0946O- 

-050 

•0U68 

•099 

•U8674 

•199 

•0«(4O7 

.179 

•99697 

-061 

-01512 

'094 

•08732 

•X9T 

•0647(1. 

180 

•996131 

•063 

•01o56 

-096 

•08790 

199 

•06545 

rl91 

•096^^0; 

-063 

•01601 

•099 

•08850 

•199 

•066U 

•199 

•097671 

•064 

•01646 

•097 

•03909 

•MO 

•06683 

199 

•09845* 

•066 

•01691 

•099 

•03968 

•141 

•06753 

184 

•09922- 

•066 

•01737 

-099 

•04028 

•l«l 

•06822 

?196 

•99999  • 

•067 

•01783 

-190 

•04087 

143 

•06892 

•199 

•10077 

•068 

•01880 

101 

•04148 

144 

•06963 

187 

•101P3^ 

•069 

•01S77 

•109 

•04208 

146 

•07083 

•199 

•10283. 

A 

m 

ioogle 


100  MATHEMATICAL  TABLBS. 


1  Heiirlit. ' 

'Am.  * 

Heigihti 

■ 

Am.  . 

H4^t 

•189  1 

•10317 

232 

•13815 

•275  ' 

•17554 

•318 

—    — ■ 

•21480  1 

•190  I 

'  233 

•13899 

•276 

•17044 

•319 

•21573  1 

1  191 

•10409 

•234 

•13984 

•277 

•17733 

•320 

•21(J07  1 

1  192 

•10547 

•235 

•14009 

•278 

•  178-23 

•321 

•21760  1 

•193 

•1002<; 

•236 

•14154 

•279 

•17912 

•322 

•21853  1 

1  194 

•lO/O.') 

237 

•U239 

280 

•18002 

•323 

•21947  1 

•195 

•107S4 

238  I 

•14324 

•281 

•18092 

•324 

•22040  j 

•196 

•10804 

239 

•14409 

•282 

•18182 

•325 

•22184  1 

1  197 

•10948 

•240 

•14494 

283 

•18272 

•326 

•22228  1 

1  198 

•11023 

•241 

•14580 

•284 

•18802 

•327 

•22322  1 

1  199 

•11102 

242 

•14005 

•285 

•18452 

•328 

•22415  1 

•200 

•11182 

•243 

•14752 

286 

•18542 

•329 

•22509  1 

201 

•11202 

•244 

•14887 

287 

•18033 

•330 

•22603  1 

202 

•11348 

•245 

•14928 

•288 

•18723 

•331 

•22697  1 

203 

•11428 

•246 

•15009 

289 

•18814 

•332 

•22792  1 

•204 

•11504 

•247 

•15090 

•290 

•18905 

•333 

•22880  1 

•205 

•11584 

•248 

•15182 

•291 

•18990 

•334 

•22980  1 

•206 

•iior,5 

•249 

•15208 

'292 

•1908r) 

•335 

•23074 

207 

•11740 

250 

•15355 

•293 

•19177 

•336 

•23109 

1  -208 

•11827 

•251 

•15442 

•294 

•19208 

•337 

•23203 

•209 

•11908 

•252 

•15528 

•295 

•19300 

•338 

•23858 

•210 

•11990 

•253 

•15015 

•296 

•19451 

•339 

•23453 

211 

•12071 

•254 

•15702 

•297 

•19548 

•340 

■28547  j 

212 

•12153 

•255 

•15789 

•298 

•19034 

•341 

•23642  1 

213 

•12285 

256 

•15870 

•299 

•1972") 

•342 

•23787 

214 

•12317 

•257 

•15904 

•300 

•19817 

•343 

•28832 

215 

•12399 

•258 

•16051 

•301 

•19908 

•344 

•23927 

•216 

•12181 

•269 

•16139 

•802 

•20000 

•345 

•24025 

217 

•12S63 

•260 

•16226 

•303 

•26092 

•346 

•24117 

218 

•12846 

•261 

•16314 

•804 

•26184 

•347 

•8612 

•219 

•12729 

•262 

•16402 

•305 

•20876 

•848 

•84S07 

•220 

•12811 

•263 

•16490 

•806 

•20868 

•849 

•84403 

•221 

•12894 

•264 

•16378 

•807 

•20460 

^860 

•24498 

1  -sn 

•12877 

265 

•16666 

*M8 

•80658 

•851 

•24593^ 

223 

•18060 

•266 

•16755 

•809 

•20045' 

•358 

•2MS9i 

•18144 

•267 

•16843 

•SIO 

-80788 

.858 

•847841 

•18227 

•268 

•16982 

•811 

•86880 

•854 

•84880  < 

1  -288 

•18811 

269 

•17020 

•312 

•20928 

<856 

•84976 

1  -987 

•18895 

•270 

•17109 

•818 

•81015 

•856 

•2B071 

1  *88i 

•18478 

•271 

•17198 

*814 

•81108 

•357 

•35167 

1  *280 

•18562 

•272 

•17287 

•816 

•81201 

•358 

•2ro68 

•880 

•13640 

•273 

•17376 

•816 

•21894' 

•858 

•8I$869 

1  •SSI 

•18781 

•274 

•17465^ 

•817 

•81887 

•880 

•85455^ 
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Height 

Area. 

Height. 

Ams* 

llAigbtj 

Height. 

.out 

r\  m  m  w  ^ 

•2oool 

•391 



•284o7 

•421 

•31403 

A  F  ^ 

•461 



•34378 

.000 

•2o047 

AAA 

•392 

•28554 

A  A  A 

•422 

•31502 

A  t*  A 

•453 

•34577 

obd 

•2o743 

•893 

•28652 

•423 

•31600 

•455 

•34776 

•2.>83y 

•394 

•28750 

A  Ail 

•424 

•31699 

M  PM 

'467 

•34975 

•OAS 

•2o93r> 

A  ACT 
•395 

•28848 

•426 

'3179S 

A  9A 

•459 

•35174 

ODD 

•20032 

AAA 

•396 

•28955 

A  A  A 

'426 

•31897 

A  A  A 

•462 

•35474 

•26128 

n  AM 
•397 

•29043 

A  AM 

•427 

•31996 

A  /\  A 

•464 

•35673 

.000 
•000 

•2(»22o 

AAA 

'398 

•20141 

•428 

•32095 

M  A  A 

•466 

•35873 

•369 

•26321 

•399 

•29239 

•429 

•32194 

A  A  A 

•468 

•86072 

•370 

•2(U18 

.il  AA 

•400 

•29337 

^  A  A 

•430 

•32293 

•470 

•36272 

•371 

•2  bo  14 

•401 

•29435 

431 

•32392 

'471 

•36871 

.0  rf  0 
•372 

•26611 

^  A  A 

•402 

•29533 

•432 

•32491 

M  M  A 

•473 

•36571 

•373 

•26708 

•403 

•29631 

-433 

•32590 

•475 

•36771 

•2680') 

•404 

•29729 

^  n  il 
•434 

•32689 

•477 

•8i;971 

o70 

•26901 

•40^ 

•29827 

^  A  P 

•436 

•32788 

•479 

•37170 

•87o 

•269^8 

•406 

•29926 

•436 

•32887 

M  A  A 

•482 

•87470 

o77 

•27090 

il  AM 

•407 

•30024 

A  AM 

•437 

•32987 

^  A  ^ 

•484 

•87670 

'878 

•271^2 

^  A  A 

•408 

•30122 

•438 

•33086 

•486 

•37870 

*8t8 

^  AA 

•409 

•30220 

^  A  A 

•439 

•33185 

A  A  A 

•488 

•38070 

•27886 

ii  4  A 

•410 

•30319 

M   A  ^ 

•440 

•33284 

•490 

•38270 

-881 

'87488 

•411 

•30417 

A  A  ^ 

•441 

•33384 

^  A« 

•491 

•38370 

•27o80 

•412 

•30516 

if  il  A 

•442 

•33483 

il  AA 

'492 

•38470 

888 
*88« 

•27878 

'418 

•30614 

•443 

•38582 

^  AA 

•498 

•38570 

•?777» 

•414 
•415 

•30712 
•30811 

AAA 

•44^1 

•33633 

^  A  ^ 

•404 

•38r)70 

.OAK 

*880 

#V  A  #V 

•27872 

M  M  W 

•445 

•33781 

•495 

•38770 

*88d 

'27969 

^  4  A 

•416 

•80910 

•446 

•88880 

^  AA 

•496 

•88870 

*887 

•28070 

•417 

•81008 

•fir  ^ 

•33980 

•497 

•38970 

^888 

^164 

^418 

•81107 

•448  1  ^4079 

•498 

•89070 

-889 

•28262 

•419 

•81205 

•449 

•34179 

•499 

•89170 

-890 

•208&9 

•480 

•81804 

450 

•84278 

•609  < 

^9270 

Table  11. — Lengths  of  Skmi-Rlliptiu  Akcs. 

(J.  C.  Tniu twine.)* 
•      (8PAN  =  1). 


Height. 

Leiigtli. 

Heiglit. 

Length. 

1 

Ueight.j  Length. 

Height 

Leugtli. 

roo3 

•046 

1014 

•07 

1-029 

•095 

1-046 

•096 

1-004 

•05 

i-on 

*076 

1-032 

•100 

1-051 

•08 

1-006 

•055 

1'020 

•08 

1-036 

•106 

1-055 

•086 

1-008 

•06 

1-028 

•086 

1*059 

•110  ^ 

1-059 

*04 

1K)11 

•066 

'  1*026 

-09 

1-043 

'116 

1-064 

*  '8^6  Ititroduetloii.  imfe,  pi  7« 
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AJOUf^  l/ll  • 

1 

T  ATllv1't% 

Height.  Length. 

Height 

<  Tjeriiftyi. 

1^ 

'880 

'  1*177 

JL  AVI 

*816 

1^^298 

410 

1-434 

185 

1^4 

'885 

1*188 

-880' 

l*80o 

415 

1-!441 

1*W9 

*880 
^885 ' 

1*189 
1*1W 

-885 
'880 

1^12 

480 

l-44§ 

•185 

1*084 

1^19 

425- 

1-456 

•140 

1^ 

'840 

1*8CS 

'^85 

1^2o 

•480'. 

1-464 

^  -145 

r  1^094 

•246 

1*207 

-840 

1^82 

436 

1-471 

•150  . 

'WO 

I'^IS 

JL    mm  -M,  \^ 

-846 

1-B39 

•440 

1^479 

;  155 

I'lOl 

-855 

1^19 

'850 

1W6 

•446 

1-486 

•leo 

140^ 

•860 

1*22^ 

1-3(68 

460 

1-494 

1B6 

laiK 

-266 

1'2S3 

'800 

1^1 

'466 

l-r>(rl 

.  470 

M20 

•270 

1-^9 

' 

•866 

1-B68 

-460 

P.>09 

•176 

l425 

*876 

1-24^ 

•370 

1'875 

•466 

i^r)i7 

.  180 

1-181 

•280 

1^252 

AIM  ft^ 

•376 

1-882 

•470 

1-524 

:  186 

1-1B7 

•286 

1-250 

A  w  A 

-380 

1-890 

•476 

l-o82 

:  190 

1-142 

•290 

i-2ri5 

•385 

H^97 

-480 

1-540 

•196  ! 

1^147 

296  ; 

1-272 

390 

1  •'404 

-485 

1-547 

•200 

M58 

•300 

1-279 

-396 

1-412 

-490 

1-555 

•  -205 

1  »1  KO 

J  Voo 

•400 

1-419 

1  .>no 

•210 

1-1<>5 

'810 

1-292 

•406 

l-42() 

•600 

1-571 

'  -21^  1 

i-iTi 

1 

r 

t  . 
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Plane  Surfaces. 

Tlte  area  of  a  trUnifjlr  is  equal  to  half  the  product  of  the 
base  by  the  perpendicular  hciu^ht. 

Tlir  area  of  a  parallelogram  is  equal  to  the  product  of  the 
Itenjrth  by  the  height. 

The  area  of  a  trapezoid  (a  parallel-sided  fij}:ure  of  four  sides, 
haviiip:  two  sides  not  parallel)  is  equal  to  the  product  of  half 
the  sum  of  the  parallel  sides  by  the  distance  between  them. 

The  ama  of  any  qtiadrilateral  or  fou r-^ided  fffure.  is  found 
by  dividing  the  figure  into  two  triangles ;  the  sum  of  the  areas 
of  which  is  the  area  of  the  quadrilateral. 

'  Th^  area  of  a  square  or  a  rltoDihufi  (an  oblique-angled  equal- 
sided  ])araiielogram}  is  cq,ual  to  half  the  product  of  the 
diagonals.  • 

Tlie,  area  of  a  2>*^lU0<^'^  fna ny -.sided  fyure  is  found  by 
dividing  the  figure  into  triangles  and  trapezoids  ;  the  sum  of 
the  areas  of  these  is  the  area  of  the  figure.  .     .  .  . 

The  area  of  a  regular  ^ol;yfiim  is  half  the  product  found  by 
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multiplying  the  length  of  the  side  by  the  number  of  sides  and 
by  the  perpendicular  from  the  centime  to  one  of  the  sides. 
In  Table  12.  columns  8  and  4  respectively  are  the  lengths 
of  the  perpendiculars  and  the  areas  of  the  figures,  when  the 
length  of  the  side  is  equal  to  1  ;  also  the  areas  of  polygons 
baving  an  even  nunibei'  of  sides,  when  the  width  across, 
between  pai-allel  sides  (^or  twice  the  perpendicular  length), 

Table  12.— -RsauLAB  Poltoons. 


•  ■ 


Designation  of  Polygon. 
1. 

Equilateral  triangle. 
Square 

Pentagon 
-Hexagun  .  ^ 
Heptagon  . 
Octacron  . 
Nonagon 
Decagon  . 
Undecngon  . 
Dodecagon. 
Circle 


I 


Number 
of  Sides. 

a 

8 
4 

5 

^  a 

7 
8 
9 

10 

11 

12 
iufioite 


dii'Ular. 
(ai'le-l.) 

f 


3. 


0-  2887 
()-5000 
()-(;SS2 

USGOO 

1-  ():^s;i 

1-2071  I 

i;i7:i7 
i-r>3}>8  I 

1-7028  1 
l-8(i«0  . 
infinite  [ 


Area. 

(»ide=l.) 

4. 

0-  43H0 
I'OOOf) 

1-  720.') 

2-  .*i9iSl 

4 -8284 
G-1818 
7-im2 
l)-8656 
11-1962 
infinite 


Area. 
(Width 

across 

=  1.) 
6. 


l'OO(K) 

•  •  • 

UiStiiil 

»  •  • 

0\-^284 

0-8  i  23 

6-8682 
0-7854 


is  equal  to  1.  A  line  is  acMed  to  the  tabic  showing  the  rela- 
tion of  the  circle  as  a  polygon  having  an  indefinitely  gieat 
number  of  sides. 

When  the  length  of  the  side  is  other  than  1,  the  per- 
pendiculars and  areas  ai-e  to  be  calculated  V)y  squaring  the 
given  value  of  the  side  and  multiplying  the  square  by  the 
corresponding  coefficient  in  the  table ;  column  8  for  the 
pcri)endicular.  column  4  for  the  area. 

Wh(!n  the  width  across  is  other  than  1.  the  area  is  to  be  calcu- 
lated by  squaring  the  value  of  the  given  width  and  multiplying 
the  square  by  the  eoiTcsponding  coelHcient  in  column  5. 
•  A  Regular  Poly  gon  may  be  inscribed  in  a  circle.  To  supply 
a  means  of  dividing  the  circumference  of  a  circle  into  any 
number  of  ecpial  parts,  with  a  view  to  inscription  of  a  ])olygon, 
the  annexed  tablet  of  angles  at  the  centi*e  subtended  by  the 
sides  of  polygons,  expressed  in  degrees,  is  of  general  utility'. 
Set  otf  i-ound  the  centre  of  the  circle  a  suceessifm  of  angles  by 
means  of  the  protractor,  equal  to  the  angle  in  the  table  due' 
to  a  given  number  of  bideii.    The  radii  so  drawn  divide  the  Qjf 
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cmQfereoce  ii^to  th^  wme  namber  of  parts.  Tto  triaogle^  thM 
foiwed  are  the  element^  trianglea*  of  the  polygon.      ,  . 

:  Table  l9;.-^Pbj>rG0KAii  AifqLjas  as  th»  UBNTBifi.  : 


Number  of 

Elcmentarj' 

Numbeif  of 

at  Centre. 

.'    :SidM  of 

Angle  at 

3\  Sides  of  ' 

Polygon. 

Centre. 

Polygou. 

Diaes. 

• 

12 

120 

80  '""^  

4 

uu 

13 

13 

6 

72 

14 

6 

m 

15 

24 

7 

:  51? 

1j6 

221  . 

8 

45' 

17 

9 

40 

18 

20 

10 

19 

19  (exactly  18g) 

11 

•40  R 
•^^11 

20 

18  . 

 t_ 

^  .Circle. 

The  rirci'Vffrrnicr  of  a  rirrlc  is  3*1410  times  the  diameter  t 
or,  approximately,  BJ  times.  Or,  the  diameter  is  to  the  circum- 
ference as  7  to  22,  apinoximately  ;  or  as  113  to  355.  Trigono-* 
paetrically,  the  circle  is  divisible  into  360  degrees.        *  \ 
I  When  the  dmuwtei'  is  1 ,  the  ai-ea  is  equal  to  "7854,  o*  ap* 

area  of  a  cirele  of  a  giveib  ^ame^ 
is  found  by  nmltipj.yijig  the  square  of  the  dianaeter  )>y  '7854. 
.  ^]ui  length  of  an,  0re  (fa  eirelein  found  by  mniti|^lyiag  the 
number  of  degrees  in  the  arc  by  the  radius,  and  loj  '01745,  Ojt, 
approximately,  by  subtracting  the  chord  of  the  arc  from  eight 
tim^  th^  chord  of  half  the  ^.i^^ ;  and  staking  one-third  o^  the 
remai^ndex.         ►       '  '  . 

TJiie  ar^  of  a,  spictor  of  a,  oif*ole  is  equal  tp  the  product  of 
half  the  length  of  the  arc  of  the  seqtor  by  the  radius.  ;0r, 
multiply  the  numbqr  of  degrees  in  the  arc  by  the  square  of 
the  radius,  and  by  -008727. 

27be  area  of  a  sffgmmt  of  a  cireU\.  Find  the  area  of  the 
sector  which  has  the  same  ^rc  as  the  ^eg^ent ;  also  the  area  of 
th^.triangle  formed  by  tl^e  ra^l  sides  of  the  sector  ftnd  the 
chorcl  of  the  arci  The  difference  or  the  sum  of  these  areas  is 
the  area  of  the  s^ment^  according  as  it  is  lesa  or  greal;er  than 
a  seiivicircle. .  , 

yii/t  area  of  a  ring.    Multiply  the  sum  of  the  outer  and  inner 
diametecs  by  their  dijEierence  and  by  -7854. 
.  The  are^  of  a,  Z0n$  of  a  oiroUs.i  Find  the  arena  of  the  two 
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segments  cut  off,  and  subtract  the  Bum  of  these  ateas  £zom 
the  area  of  the  whole  ciicle,  to  give  the  aiea  o£  the  Eone* 

llie  side  of  a  srptarfi  eqa&l  in  area  to  a.  given  eu*ole  is  equal 
to  the  product  a£  ithe  diameter  by  '88B2* 

TJiff  fnd(f  of  a  sqvare  inscribed  iw  a  oiicle  is  equal  to  the 
product  oi^  the  diameter  by  *.707i. 

Tlie  area  of  an  imprihed  square  is  equal  to  (he  produet  of 
tlie  area  of  the  circle  by  -6366. 

Tlie  dtanicter  of  a  circle  equal  in  area  to  a  given  square  18 
equal  to  the  product  of  the  fiide  of  .the  ^uare  by  1*128^,  or 
14  approximately. 

The  did  meter  of  a  cireinih^eribhtq  circle  is  equal  to  the  pro- 
duct of  the  side  of  the  criveu  square  by  1*4142. 

71t^  area  of  a  circuvist'r thing  circle  is  equal  to  the  product 
of  the  area  o£  the.  given  square  by  l'52Uti« 


The  circu)}(ference  of  uji  ellijm  is  equal  to  t  he  product  of 
the  scpiare  root  of  half  the  sum  of  the  squares  of  the  two  axes 
by  3-1416. 

This  rule  is  approximate.  Mr.  Trautwine  proposes  the 
following  formula  for  the  circumference  of  an  clli))se,  as  more 
neafly  exact,  and  sufficiently  so  for  ordinary  purposes.  When 
the  longer  axis.  D,  is  not  uMxre  than  five  tim^.the  length  lot 
the  shorter  axis, 


When  the  longer  axis  is  more  than  five  lengths  of  the 
Sorter  axis,  thid  mvisor  8^8  under  the  sign  is  to  be  repllioed 
by  the  following  diviscMre  :— 


Ellipse. 


Circnmference    3*1  il6 


2  &6 


.  (1) 


When  the'iongei^axis  'is  ^  times  the  shorter 


Divisor. 
•  9 


.  9^2  ' 

.  ^9  ' 

.  9*35 

.  W 

.  9-5 

.  ^0-6 

i  9-75  • 

.  9-87 

.  9-92 

.  9-98 

*  10-00 
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KTke.area  of  an  Mipso  is  equal  to  theiproduct  of  the  two 
axes  hy  *7.854i •  .  •  .  •    •  <    .  •»         %•  . : 

Th^  mw  a  tegtmnt  trf  an  clUpm,  the  base  of  which*  is 
i)arallel  to  one  of  the  axes  of  the  dlipse.  DHyidesfihe  height 
o£  the  segment  by  the  asis  of  .which  it  is  a  part,  and^  find  the 
area  of  a  circular  segment,  in.  a  table  •dE  diealar  segments,  of 
which  the  height  is  eqiml  to  the  quol^t ;  multiply  the  area 
thas  found  by  the  two  axes  of  the  elUpse  sncoessiyely ;  the 
product  is  the  area.  ... 

Cnrvilineal  figures. 

-  ThR  c/rm  of.  any^  cwrvUinml  figure  bounded  at  the  ends  by 
parallel  straight  £hto  by  Simpson^s  role.  Divide  the  length 
of'  the  figure 'into  any  even  number  of  equal  parts,  at  the 
common  distance  D  apart,  and  draw  -ordixiateB  through  ^e' 
points  of  division,  to  touch  the  boundary  lines.  Add  together 
the  first  and  last  ordinates,  a^id  iiall  the  sum  A  ;  add  together 
the  even  ordinates,  and  call  the  sum  B ;  add  together  the  odd 
ordintbtesj  except  the  first  and  last,  &nd  call  the  sum  0.  Then, 

area  of  the  figure  =     +  ^  ^  +  ^  ^  x  D   •    .  (2) 

2nd  Method. — Divide  the  figure  into  any  siifficieii  t  number, 
of  equal  parts add  together  the  first  and  laat  ordinates, 
making  the  sum* A;  add  together  all  the  intermediate  ordi- 
nates, making  the  sum  B.   Putting  L  for  the  length  of  the* 
figure.   Then,  .  , 

area  of  the  figurtf  =  ^     ^  ^  x  L      •      ,  (3) 

SrdJfrfhod. — Divide  the  figure  iiiTo  a  sufficient  number  of 
ecjual  parts,  as  before.  Add  together  tlie  mean  depths- of  the 
several  divisions,  and  divide  the  sum  bv  the  number  of 
divisions,  to  give  the  average  depth:, multiply  the  ^average 
depth  by  the  total  length,  to  give  the  area. 

The  figure  may,  otherwise,  be  divided  into  two  half-parts, 
one  ^(  each  end,  and  a  number  of  whole  parts  intermediately. 
The  sum  of  the  ordinates,  excepting  the  extreme  ordinates. 
divided  by  the  number  of  them,  gives  the  average  depth,  and 
the  product  of  this  by  the  lengtl^igives  the  area. 

The  figures  may  be  bounded  «.t  the  ends  by  curves  or 
angles.    In  this  case,  the  extreme  lordinates  become  nothing. 

Solids/ 

Thetpe  arc  five  species  of  regular,  solids,  bounded  by  regular 
polygons,  of  which  particulars  are  given  in  the  annexed 
^able;-^* 
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:     *  .  Table  14.*-BEauLAii  Solids. 


Designation  of  . 
SoUd. 

1 

* 

Ntimt)er  and  Deslgfiation 
of  Sides. 

.2 

Superficial 

Area 
(EdgQB  1) 

8 

• 

Contents 
(Edge  =  1) 

4 

Tetrahedron  . 
Hexahedron,  \ 
or  Cube  / 
Octahedron  . 
Dodecahedron 
Icosabedron  .  ^ 

4  equilateral  triangles  . 
saaaTes  ... 

^  '             MOT*                            •                  •  • 

8  equilateral  triangles  . 
12  peiitaL^ons     . '     .  . 
20  equilateral  triangles 

1-7320. 

6*OQ0O' 

8-4()41 
20-(;4r)8 
8-G(>03 

0-  1178 

1-  0000 

0-4714 

7-r)r,8i 

2-  1817 

R^olar  isolids .  may  be  Qixeonwoilbed  by  ^beroa ;  and 
8pbet«8  may  be -inscribed  in  r^galax  8olide» 

'  To  jmd  the  total  area  of  jm^rjAce  of  a  n^gnla^  nolid,  multi- 
ply  ti^e  nqnATe  of  tiie  length  of  the  edge  by  .the  tabular 
number  given  in  column  3  ^  the  table. 

To  find  the  contents  of  a  regular  wUd^  mulAil>ly>  the  cube  of 
the  len^h  of  thefedge  by  ih^  tabular  number  .m  icx^xdnn  4  of* 
the  table. 

The  lour  leading  ^bplids  are  the  cube,  the  cylinder,  the 
sphere^  luad  ^he  cone.   A  cubic  foot  oontains* .       .'i  , 

'       1,728  cubic  inches,  or        •         ;  ' 
2,200  cylindricaL  inohefl^  «r  • 
3,300  spharioal  incheS)  pr 
6,600  conical  inches*  . 
These,  values  supply  an  easy  practical  rule  for  finding,  by 
proportion,  the  capacities  of  the"  three  round  bodies." 

Th/i  mirfaec  of  a  cylinder^  or  of  a  ^^raw,  is  equal  to.  the 
product  of  the  perimeter  ol  one  end  by  the  height ;  plus 
twice  the  area  of  one  end. 

The  evhic  ('ontrnt  of  a  oylhidvr,  or  of  a  prism,  is  equal  to 
the  product  of  the  area  of  the.  base  by  .the  length  or  height  of 
the  cylinder. 

TJie  mrfaoe  of  a  .sjfhcn;  i&  equal  to  the  pix>duct.of  the  square 
of  the  diameter  hv  8-1416.  '  ' 

It  is  equal  to  four  times  the  area  of  one  of  its  great 
circles.  't 

It  is  equal  to  the  convex  surface  of  its  circumscribing 
qylinder. 

The  surfaces  of  spheres,  are; to  each  other  as  the  squares  of 
their  diameters. 

2yie  curve  Hurfacc  of  a  ,se(/int;fit.  or  a  zone  of  a  i^pherc,  is 
equal  to  the  jH-odnct  of  the  diameter  of  the  sphere  by  the 
height  of  the  segnieul  or  zone,  and  by  314 16.    The  curve 
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iu  the  piiu.^, 
one  sphere.  The 


is  not  exact,  but  it  is  suffi- 
for  tics  less  than  one-fourth  of  a 


s  a  Cuire  such  that  the  sum  of  the  distances  of 
IT  p^iu  in  Lbe  corre  from  two  fixed  points  or  foci,  is 


T*  ifc'^ht  ««  Kliptf,  when  tLe  length  and  width  are 


tig.H.  with  AE  as  radius, 
cut  the  axis  ab  at  p  and 
G.  the  foci.  Fix  a  coup 
of  pins  into  the  axis  j 
F  and  G,  and  loop 
thread  or  cord  upon  the! 
eijual  in  length  to  tb;^ 
axis  AB,  so  as,  whe  ? 
stretched  to  reach  to  tY-  : 
extremity  C  of  the  cot  ^ 
jugate  axis.     With  r^; 
f)encii  or  draw-point  ii 
sid(!  the  cord,  as  at  !? 

'  ill-  piii^  F  and  G.  and  S(t  describe  the  ellipse. 
^rf\^    Bi-<.i.n  the  transverse  axis,  fig.  4  at  C,  afl^C 
r  dTiw  the  perpt-ndicular  de.  making  CD  and  C  c^ 


id 


^  tstt^  to  half  the  c->njugate  axis. 


il  Hi 
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^rd  Mrthod  (approximate).  With  arcs  of  two  radii,  fig.  5. 
Lay  down  the  axes  AR  and  CD,  and  sdt  off  Or/  and  O^*  equal  to 
the  diflFerence   of  the 


perp 
scmic* 

o  S  d 

^      /3  c? 
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110       MEASUREMENT  OP  SURFACES  AND  SOLIDS. 

The  swrfiuiv  of  a  frwihm  ofu  eone  or  a  pyramid  is  eqoal  to 
the  product  of  the  sum  of  the  perimeterd^  A  the  ends  by  lialf 
the-slant  he^ht,  plus  the  ttfeas  of  the  ends. 

The  contend  fjf  cu  ftm^mt  <f  ^eene  or  a  pyramid  is  fouiid 

adding  together  the  areas  the  ends  and  the  mean  propor- 
tional b^ween  them' (the  «(|iiafiBfOot"of  their  tiroduct),  and 
multiplying  theidum  by  one-third  of  the  pevpendienlaT  height. 

Or,  in  the  case  ^a  conical  frustmi),  add  together  -the 
squares  of  the  diameters  and  the  product  of  the  diameters  and 
-multiplyv  the  sum  by  *7854,  and  bj  one-third  of  the  height. 

TUg  cmitmt  of  a  wedge  is  found  by  adding  togeth^  twice 
the  length  of  the  base  and  the  length  of  the  edge,  and  multi- 
plying the  sum  by  the  br^flidfth  of  the  base^  and  by  one-^izth  of 
the  height. 

Tlui  conttrnt  of  a  pf^^moid  (a  solid  having  three  or  niore 
inclined  sides,  and  similar  parallel  ends)  is  foiind  by  adding 
toother  the  areas  of  the  ends,  and  four  times  the  intermediate 
sectional  area  eqnally  distant  from  the  ends ;  and  multiplying 
the  sum  by  one-sixth  of  the  length. 

The  contetit  of  an  irregular  .wlid  may  be  found  by  dividing 
it  into  parts  measurable  by  tlie  onlinary  rules,  and  adding 
together  the  contents  of  them  ;  the  sum  is  the  content  of  the 
solid. 

{f  equal  aplwrex  or  halL<i.  Ranged  usually  in  pyra- 
midal piles,  on  a  square  or  a  triangular  base;  or  in  oblong 
piles  on  a  rectangular  base 

1.  To  Jivd  the  iiumher  of  halls  in  a  pile  on  a  nquare  base. 
Let  n  =  the  number  of  hoiizontal  strata  or  layers  of  spheres 
in  the  piles,  comprising  tlie  highest  stratum,  which  consists  of 
one  spiiere.   The  number,  S,  of  spheres  is  *  ♦ 

0==— I   ■■      --r-     •  .  •  m  \±J 

The  value  7i  expresses  also  the  number  of  spheres  in  one  side 
of  the  base.  .  If,  for  example,  /i  =  10,  the  number  of  balls,  S, 
is,  by  the  formuk,  (2,000  + 300 +  10)-r-6  =  385. 

2.  Oii  a  triaiiyidar  base. 

If  4fr  is  equal  to  10,  S  is  equal  to  220.. 

'  dfc  Oblong  pile  o»  a-  ,Teetangtdar  hose.  The  uppermost 
stratam  is  a  row  oif  balls,  say  m  in  number, 

'Supposing  m  and  n  each  equal  to  10,  S  is  equal  to  880.  ^ 
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BSSOBJPIION  OF  CIRCULAR  SEGMENTS,  CONIC 
SECTIONS  AND  CTCLQIB8.. 


To  (h's^crilw  a  Cttcle  pmnWf  thrimgh  three  given  points^ 
when  the  Centre  is  not  avaihible.  From  the  extreme 
points  A,  B.  fig.  1,  as  Centres  describe  arcs  AH,  BG.  Through 
t>he  third  point  c  draw  A b,  bf.  .  Divide  AF  and  be  into  any 


•>  11  y. 


i  I^Cki  'Lj— To  describe  a  Circular  Arc  through  three  points^ 

convenient  number  of  equal  parts,  ai^d  set  off  a  series  o£  equal 
parts  of  the  same  len^^th  on  the  npper  portions  of  the  arcs, 
beyond  the  points  e,  f.  Draw  straight  lines  BL,  BM,  &c.,  to 
the  divisions  in  AF  ;  and  Ai,  ak,  ^Scc.,  to  the  division  in  EG. 
The  successive  intersections  at  N,  o,  &;c.,  of  these  lines,  aj^ 
points  in  the;  ('ircle  rctpiired,  between  the  given  U^ij^^X'a^ 
c,  which  ra;iy  be  traccnl  in  accordin^gi^.  '^imilariy,  the  re- 
maining part  of  tiie  curve  ma,\f- oe  described. 

2,1(1  Mi'thnd.  Let  A^^r  ^  fig.  2,  be  the  given  points. 
Draw  AB.  AD,  and  T)1b  ;  and  rf  j)arallel  to  AB.^  Divide  AD 
mto  a  numbev  of  equal  part^,  at  1,  2,  3,  &c.,  -and  from  D 


Fia  2.-rTo  describe  a  Ciwulor  Arc  through  tiiree  po^ts, 

t,^^eTm^l"^i^  P^'"^"^-    ^^>^*^^'the  arc  \,  iri^ 

Sttccas^^^^  i^^tcrsocrinns  of  these 

sttccessiirely  witl^  the  arcs  1,  2,  3,  &c.,  arc  points  in  the  p-*-*^ 
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iVrie^.— The  second  method  is  not  exact,  but  it  is  snffi* 
cientay  near  to  exactness  for  sxcm  less-iihah  dtteulociiih  of  a 
circle. 

The  Ellipse  is  a  Curve  such  that  the  sum  of  the  distances  of 
any  point  in  the  curve  from  two  fixed,  poiuts .  or  foci,  is 
constant.,  ' 
To  describe  m  MlijMe^  when  the  length  and  width  9Xfi 

f  :    ^       V) /given.  On  the  centre 'flf, 

fig.  H,  with  AlS  as  radius, 
cut  the  axis  AB  at  F  and 
G,  the  foci.  Fix  a  couple 
of  piiis  into  the  axis  at 
p  and  ^,  aiidr  loop  a 
thread  or  cord  Upon  them 
equal  in  length  to  the 
axis  AB,  so  as,  when 
stretche(l,  to  reaoh  to  the 
extremity  c  of  the  con- 
jugate axis.  With  a 
pencil  or  draw-point  in- 
si(l(^  the  cord,  as  at  H, 
puide  the  pencil  in  ten- 


Fit^  S.— To  tlescribe  on  Ellipse. 


sion  about  the  pins  F  and  a,  and  so  describe  the  ellipse. 

2n(l  Mtthod,  Bisect  the  transverse  axis,  fig.  4  at  C,  and 
through  C  draw  the  perpendicular  DE,  niakingr  CD  and  CE 
each  equal  to  half  .the  coniugate  axis.    From  d  or  E,  with  the 


Fig.  4.— To  describe  an  EUlpan. 

radius  AC  cut  the  transverse  axis  at  r,  P',  for  the  foci.  Divide 
AC  into  anv  number  of  parts  at  1,  2,  3,  &c.  With  the  radius 
Al,  on  P  and  f'  as  centres,  describe  arcs  ;  and  with  the  raams 
Bl'on  the  same  centres,  cut  these  arcs,  as  shown.  Repeat  the 
operation  fur  the  other  points  of  divi^QU  of  the^  teansverse 
axis.  The  series  of  intersections  thus  made  are  points  m  the 
curve,  through  which  the  cui-ve  may  be  traced. 
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nrd  iMcthod  (approximate).  With  arcfe  of  fiio  radii,  fig.  5. 
T.ay  drvwn  the  axes  AB  and  c©,  and  s^t  Off  M  and     eqlial  to 

the   difference   of   the  ^  * 

lengths    of    the  axes. 
Draw  ae  and  set  off 
half  of  ac  to  (L  and 
equal  to  od.    Draw  di, 
e'i.  and  parallels  inter-  ^ 
secting  at  m.    From  the  ^ 
centres  m  and  /,  describe 
arcs  through  c  and  D  ; 
and  from  d  and  c,  de- 
scribe arcs   through  A 
and  B.    The  four  arcs 
form  the  ellipse. 
Note,  —  This  method 

is  applicable  when  the  conjugate  axis  is  at  kiast  two-thirds  of 

the  transverse  axis. 

ith  Method  (approximate).   WitLarca.of  tkrea  radii,  fig.  6. 


FiG.~  5.<-«To  desci^be  siribttlpse: 


•»  niipH    nil       '.>^  \    1    /•  \  \ 


I  * 


Kid.  6.^1!^ae8«Hbean£llipiie. 


1 


\ 


/ 


On  the  tr^||/B?eT8Q  aKifl  A9»  dr^w  the  rectangle  BO.  6n  the  heiAt 
oc,  of  the  semi-OQiijngi^te  wig.  To  the  diagonal  Ac  draw  tfe 
perpendicular  OHP^  set. off  oj^  equal  to  oc,  and  deseribd  a 
semicircle  on  ak,  and  .produce  oc  to  h.  Set  off  OH  equal  C*, 
and  on  D  describe  aji  arc  with  the  radius  DM.  (M  JL  with 
radius  OL,  cut  this  arc  at  a.  The  fi^ve  centres  D,  ^  BEpkH'j  aie* 
found,  from  which  the  arcs  are  described,  to  |orni  ikherellipee^.:! 

Note,—!^)^,  process  works  well  for  neady  'aU  proportiona 
oi  ellipses.  .  ^   .  I  *w 


]]4    CIRCULAR  SSGMBNTSi  CONIC  SBCTIONSy  ETC. 

The  paiabola.ia  a  cuire  each  that  the  distaace  of -aiiy 'point 
in  the  curre  from  a  fi^ed  point,  the  foea9y  ia  equal  -to  its 
distance  from  a  straight  line,  the  directrix. 
To  describe  a  JParabota^  when  an  absciss  and  its  ordinai^ 
^'  or  the  height  and  the  base, 
 P"      I  are  given.  Bisect  the  gr 


<« 


ordinate  bc,  fig.»  7y  at  a»/ 
\  draw  AM,  and  then  per^ 
jpendiciUar  to  it,  meeting 
the  axis  at  A  »^et  off  A<?, 
AF,  each  equal  to  Bb,  and 
draw  Kf'L  at  right  angles  to 
the  axis.  Then  KL  is  the 
directrix  and  F  is  the  focus. 
Through  F  and  any  number 
of  points  icc.,.in  the 

jixis,  draw  double  ordinates 
71071^  &c.,  and  on  the  centre 
F,  with  the  radii  F/*,  oe,  Sec, 
cut  the  resi)ective  ordinates 


at  E,  a,  V,  n,  &c.  The  curve  is  traced  through  these  points  of 
intersection. 

2nd  Method,  Place  a^etraight- edge  to  the  directrix  en,  fig.  8, 
j  '    and  apply  to  it  a  square  leg. 

'         '  '  Fasten  to  the  end  a  one  end  of 

a  thread  or  cord,  shown  in  dot- 
lining,  q(|ual  in  length  to  the 

^  rra^  ^i^gG  EG,  and  attaxjh  the  other 

rT"""j'  Q  end  to  the  focus  F,    Slide  the 
'scjuarc  Along  the  straight-edge, 
"holding /the  cord  taut  against 
the  ectge  of  the  square   by  a 
rfrawpoint  or  pencil  D,  by  which 
■the  curve  is  described. 
V' drd  Method.    Through  the 
•vertex  a,  fig.  U,  draw  ef  parallel 
to  CD  1  the  base,  and  through  c 
and  D  draw  CE  and  DF  parallel 
•  ^  '♦'  to  the  axis  A©.   Divide  BO  anii 
•J  »  "  *  BIT  frttc^ '  any  Mriiber  dP  eqn^ 
>  pMtk,  at  a,  b.  'kc,  idSt'^i^  ittk 

p6Hiti'd,  h,  ^,  r7,  in  the  base  CD,  draW  perpendiculars,  and 
thtongh  a,  d  in  ctt  and  W  ^tti^  lineft  to  the  vertex 
iv^'odttihg  the  perpendtciillftW'at  e,f,  A.  TheilB  fcre  iDj^tii 
in  the  curve,  which  may  be  traced  through  them,  ^^m^: 


length      icyj  ^yinar'^  ic  ~iie*iiTuiisi:e&  IiE^2ae±^  rse  ••r»t:i:  .^es> 


relations  anv  aTnnbt^r  :t  o«:i:i:ir  3.  ans  mrr^  mkr  ^  ieti!S>^ 

mined,  and  th*c  nrr-i  «Mc^m  !tc*L 

The  hypeiT-i'Li  i:?  a  rar^i-  si'ih.  z'^z  zhxi  cc  *lie 

distances  ?f  anj  ]^yti'.  m  '::irT»  fr:ni  f  T  :*!  -^>.  —re 
focL  is  e*:i:ial  to  a  omrraii*.  zhe  m:^^r**i  l-^z^.  Y  ri:-*^ 
A,  B;  fig.  10.  of  opp»:^*4c  iLjperc-^jijb?^  art         li-  .i^Ls 


Fio.  10.— To  doRcribe  a  ilyporboln. 


curves,  in  their  axial  lines.    ,Thc  transvetw  axis  AH  \n  thft 
distance  between  the  verticcR.    The  (mmi jiiM;alc  axi?»  Ufi 
throuch  the  centre  c,  at  right  anglOH  to  thn  thim^voi-Hn 
axis.   •  "  •  ■  • 

I  2 
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To  describe  a  Hijperhola,  Let  the  ends  of  two  threads 
/PQ,  FPQ,  fig.  10,  be  fastened  at  the  points /  and  F,  and  passed 
through  a  small  bead  or  pin  P,  and  knotted  together  at  Q. 
Take  hold  of  Q  and  draw  the  threads  taut ;  move  the  bead 
along  the  threads,  and  the  point  P  will  describe  the  curve. 

2nd  Method.  When  the  base  CD,  height  AB,aiid  transverse 
axis  AA',  fig.  11,  are  given.  Divide  the  base  CD  into  a  number 
of  equal  parts  on  each  side  of  the  axis  at  a,  &;c.  ;  and  divide 
the  parallels  CE,  df,  into  the  same  numlxjr  of  equal  parts  at 

h,  &c.  From  the  points  a,  b,  &c.,  in  the  base,  draw  lines 
to  A' ;  and  from  the  points  a,     &c.,  in  the  verticals,  draw 


lines  to  a.  cutting  the  respective  lines  from  the  base.  Trace 
the  curve  through  tlic  intersections. 

To  dciirribc  a  Jiight-afif/Ird  71  uprrhola,  fjlvcii  a  point  in  the 
curve.  Let  E,  fig.  12,  l)e  a  point  in  the  curve,  of  which  AB 
and  AC.  at  right  angles  to  each  other,  arc  the  asymptotes. 
Draw  tlx '  ]»;irallf'ls  de  and  to  complete  the  rectangle  AE. 
Set  oiT  Dc/  on  the  base  line  equal  to  Ai),  and  draw  the  vertical 
dr,  lUsect  AC  at  h,  and  draw  be  parallel  to  the  base  ;  tlic 
point  of  intersection,  is  a  point  in  the  curve.  Similarly, 
bisecting  aZ»  at  c,  and  Ac  at  n ;  doubling  Kd  to  d\  and  A^'  to  /f' ; 
and  completing  the  rectangles  flfV  and  d^'e"  ;  and  again  bisect- 
ing and  doubling ;  the  points  e'  and  e",  and  6'"'  in  the  curve  are 
found.   By  a  like  process  of  dividing  and  multiplying  in- 
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versely,  any  mlditional  number  of  points  raay  be  £ouad|  and 
the  curve  may  be  traced  through  the  points. 

This  curve  possesses  the  useful  j)roperty  that  the  elementary 
rectangles  are  equal  in  area. 

The  cyclpid  adb,  fij^.  13,  is  th^  curved  path  described  by 
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Fio.  I'i.— ^To  doscrilie  a  Rightr Angled  Hyperbola, 

any  point  D  in  the  circumference  of  a  wheel  or  a  circle  DGC 
which  rolls  along  a  straight  line.  The  base  AB  for  a  complete 


Fio.  lS.-«Cy«loid. 

I  * 

levolution  of  the  wheel,  is  equal  in  length  to  the  dicumference 
of  the  circle  ;  the  length  of  the  curve  is  equal  to  four  times 
the  diameter  of  the  circle  ;  the  area  of  the  cycloid,  ADBA,  is 
equal  to  three  times  the  area  of  the  circle. 

The  exterior  epicycloid  adb,  fig,  14,  is  the  curve  described 
by  any  point  in  the  circumference  of  one  circle,  DC,  rolling 
over  another  circle,  ACB,  on  the  outside  of  the  circumference. 

The  hypocycloid,  or  interior  epicycloid,  apb,  fig«  15,  is  the 
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curve  ABB  idawrited'  a  .peSnt  in  the  cireumfirence  of  a 
circle  rolling  on  tbe  inside  of  the  ciicnmference  of  another 


/        Fio.  16.— In^rior  ^epicycloid.  \ 


circle.  When  the  diameter  of  the  rolling  circle  is  equal  to 
half  the  diameter  of  the  hxed  oircle,  the  curve  becomes  a 
straight  line,  or  a  diameter  o£  the  tixed  circle. 

.   '  •  •  •  ■  ' 
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WEiaSXS  AND  M£A8UE28. 


The  yard  aucl  the  pound  are  the  uuits  o£  Eaglish  measure 

and  wei.Grht. 

The  imperial  standard  yard  is  a  solid  scjuarti  bar,  '^S  inches 
long,  1  inch  square,  of  bronze  or  pfiin-mctal,  clejxxsitrd  in  the 
Standanls  Department  of  the  Boanl  uf  Trade.  The  leu«^Lh  of 
the  yard  is  defiue<l  by  lines  inscribed  uu  two  gold  plug^  iu- 
serted  near  each  end  of  the  bar.  '    **  * 

The  imperial  standanl  pound  is  a  oylinder  of  platinum, 
nearly  1*35  inches  in  height,  and  Id.")  inches  in  diameter.  havin<^ 
a  groove  pr  channel  rqu^d  it,  near  the  top,  by  which  it  may  be 
lifted.  -  '  • 

Copies  of  the  standard  yard  and  the  standard  ])oun(l  have 
been  deposited  in  the  Hoyal  Mint  and  tlie  Greenwich  Obser- 
vatoiy  ;  copies  haye  been  immured  in  the  New  Palace^  at 
Westminster ;  and  C9.pies  have  been  delivered  to  the  Hoyal 
Society  of  London.  " 

The  unit  or  standard  measure  of  capacity,  for  liquids  as  for 
dry  t^oods,  is  the  gallon,  capable  of  containing  ten  imperial 
standanl  pounds  weight  of  distilled  water  weighe<l  in  air 
against  brass  weights,  at  the  temperature  of  02**  F.,  with  the 
l^arometer  at  30  inches.  The  standaixl  measure  is  cylindrical, 
on  a  plane  base,  and  the  height  is  equal  to  the  diameter.  * 

The  standard  bushel^  a0:a  measure  of  capaoity,  is  cylindrical, 
about  17*8  inches  in  diianeterj  iidth  a  plane  base ;  the  depth  is 
half  the  diarneter,  alDoai  M  incfadS;  It  has'  a  capacity  equal 
to  8  gallons.  .  • 

In  using  an  IfltperiaA  measitre:4>f  ^cmpBoAtjf  it.ifr  not  to  be 
heaped ;  but  is  either  to  be  stricken,  -with  a  roimd  stick  or 
cylindncal  jrollw ;  as,  it  th^^^-aHidle  6annot  be  ccmireniently 
stricken,  it  is  to  be  filled  in  all  parts  Ieis  nearij  to:l^  level  of 
the  biim'Sflftlie  size  and  dhape  isf  th&'aitiole  admits. 

List  ov  BasjowA  Jii^ostiBiy  at  .*rHB  Staki^bds  Officb 

BY  Sir  Joseph  WhitWobiih. 

1  set.  External  i^lane  gauges,  containing  sij^eSy  from  -01 
to  0*1,  rising  by 'UUl  inch.  "  '      '  . 

6  sets,  rnternal  and  Kxternal  C^liu.(Jiical  gaug|^  containing 
the  following  fractional  sizes  ....  r  ^ 

1  set  bohtaining  15  gauges  ttoui'  ^  inch  to  1  inch,  inci-eas- 

'      ing  by  inch. 
*1   ,1  '8'         .  „  •  U  inches  to  2  inclies,  in- 

.       •   1     creasing  by  4  inch. 
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1  set  containiDg  8  gauges  from  2^  inches  to  3  inches,  in- 
creasing by  4  inch. 
1  „  tJ'         •       Si  inches  to  4  inches,  in- 

creasing by  4  inch. 
'  I  ^        „l        4  4^  inches  to  5  inches,  in- 

creasing by  i  inch. 
'  .Jl  :  I,  .      :4   '  fi  -  '  '  ii   54  inches  to  0  inches,  in- 

cieasing.by  I  inch. 

'  'S'B&tSy  containing  the  follipwin^' decimal  sizes    '  ' 

1  set  containing  15  gauges,  sizqs,  0*10,  015,  0*2,  0*3,  0*35, 

0-4,  0-45,  0-55,  6«0, 

0-  05,  0-7,  0-8,  0-'85,  ChS, 
*  0-95  inch, 

M,  1-2,  1-3, 1-4,  1-6,  1-7, 

1-  8,  X'9  inolies. 

2-  1,  2-2, 2-a,  2-4,  2-6,  2-7, 
.  2*8,  2*9  inches. 

3-  1,  3-2,  3-3,.3-4,3-6,  3-7, 
3*8,  3-9  ihcbosr 

4-  2,  4-4,  4-6,  4-8  Jnchea." 
0-2,  5-4,  5-6,  5-8  inches, 

* 

Frotn  6  inches  to  2  inches  ihclusiye,  the  gauges  are  made  of 
dast.  ^ou  ;  and  beldw  2  inches  th^  are  maae  of  ^teel. 

The  above  collection  of  gauges  is  denominated  as  follows 

(1.)  Whitworth's  External  Cylindrical  Gauges:  extemal 
diameters  in  terms  of  the  inch. 
•15  gauges  from  J  inch  to  1  inchj  increasing  by  sixteentlifi 
of  an  inch.  •    -*  * 

'  *  24  gauges  from  1  ^  inches  to  4  inches,  increasing  by 
eighths  of  an  inch.  ■  •  . 

8  gauges  from  4^  inches  to      inches,  increasing  by 

quartei*s  of  an  inch. 
VJ  gaun^es  from  0*1  inch  to  1  ioeh,  increasing  by  five 
one- hundredths  of  an  inch. 
»      .SO  gauges  from  I'l  inches  to,  4  inches^  increasing  by 
tenths  of  an  inch.  '  '  i*' 

10  gauges  from  4*2  inches  to  6  inches,  increasing  by 
•  fifths  of  an  inch.    "        '     '     -    "  \ 

(2,)  Whitworth's  Internal  Cylindrical  Gauges :.  internal 
diameters  in  terms  ol  the  inch  ':  a  repetition  of 
section  (1)  preceding.  '       '  '  • 

(3.)  :Whitwo:cth*9  External  l^laiie  iitaqge^:  tbic^ess  in 
termSk  of .  the  inch', 
;9l  'gA^8e9  ^vxn  *01  inch  to  Q*l  inch,  increasing  by 
thon39Pdths  of  an  inch. 
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/     '         *     •  ,  •!  •  .  French  Equivalents. 

12  lines  1   

72'p6&is>  ;  •   .  ''linch  *.     *.  26*4  miUittiefares. 

100Omi]^    )  .     .  ,  .  '  '        •  .     :  .i 

7-92  inches  , .  .      , .  .1  lipk.  .  \      *4bl«  metre. 

12iaGbG0  i      1  foot  .    ,  .  '^SCNW metre.:  • 

S  feet   .      .  ...   1  yard     .      ^91439  „ 

6^   •        -i  .i-:.     IfflithOtni  ^      1-82878  „ 

5|  jipds    ,,  .  i  1  rod,  pole,  or  perch  5*02915 

^SS"}       •      •      1^^^^       •  201166,; 
220 yards  )  i  •  t^/   '        .     /om.i^^ro  ^ 

10  chains,  '   '  V  i  ^    0-20117  kilometre.. 

8  furlongs  \  *        ,r.'/       .  "  .  ,  .    '  •* 

80  chains    I  '^.^    '  f  i609'3296  ketresi  <• 

1,766  yards  f  '      '      .^^l^^   /  ll -.60938  Itilomet^.;  . 

5,280  feet  /  ,  .  , 

M615  mile^ 1  Admiralty  knot'or  I  i  nloie  i 

6080  f^,;.  /  .    .  xmutioftl  mile  j  ^  ^^^^^  J^ilometr^s.  • 

•  •  •  » 

\  Snglisli  Veasjires  of  Snr&ce. 


Table  16. — Oedinaby  Supjubficial  Measuuement. 

1  square  iuch      . .  ■  .•    „•    '  ( IS  millimetres. 
^  ...     .     ,.      ^154515  aqoare  centimetres. 

IS-ls'^^Sches  }  .l  «l?arefoot    0929  sc^uare  metre. 
9  square  feeti     . .     1  square  yard    . .     .'SSSl.sqiutee  metre. 
100  square  feet  (for  roofing  )  ,  ■  o.ooat  i 

and  flooring)      ,    [   .^"^^'^ .  ;  ^l^-  ?a«'"^e  metres. 

30i  square  yards    .   •{j[^g''^pi^^  }i26-292  square  metres. 

W  square  poles    .  .      1  roofl,, .  ,  { JS.'AS  diT" 

4  roods         '   '  ' )  •  ( -^046-782  sqnazftsmetres. 

4840  square  y.nU  p   •  •  1  .  j  40^;78^ar^^. ,,.  •  • 

•     1.  square  mUe.      .   258*9894  hecliares. 


.1 

640  acres    /  < 


*  The  side  '6£  a' 


square  acre  is  equal  to  60-57  lineal  yards. 
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WEIGHTS  AND  MEASURES. 


.  English  MeatfUTM    Taltuiie  Mid  Oapadty. 

'  Table  17.— ^fciOLiD  ob  Cubic  Measube. 

1  cable  inch  .  •  •      •      •   16*387  cabic  ^entknetoes. 

1728  cubic  inched  "1  roo.oi-o  ^  Ki« 

2200-16  cylindrical  inches  I  ^  ( ^ ' ' 

8300-23  spherical  inches  f  ^  v i  *  1  aoLal -  ' "  v  ■  „^  I 
6600-45  conical  ioobce     j  [•02831.cubicmetie.'. 

27  cubic  feet       .      l.cabic^  jc^rA  '  v    *764513  cubic  metre. • 


1-308  cubic  yard    ^  ...      ^^^^  . 

31-3156  cubic  feet  /       '      • .     * , 


1  -cubic  metre. 
•  ..I  . 

I 

•5679  litre.  ' 
.  1^3.50  litres. 
4-5435  litres. 
9-0860  litres. 
36-3477  litres.' 
,  2V^0-782  litres, 
/  MG3I  cubic 
1  '  metres. 

1  ^r.^A  ^«  „„„  /.I -4039  cubic 

•  .      1  load,  or  way  |  ^^^^^^ 

•  '\' "^^         ,     '  •  r  2-9078  cubic 
•       ^^^^^       •  metres. 


.  Table  18.— Dey  Mbasdbb 

i.    :  «  !  •      ■  1'  pint  . 

2  pints       .       .  .       1  quart 

4  quarts  (277*274  cubic  inches)  1  gallon 
2  gallons    •*.  -    .       .       .    1  peck 
4  pecks  (1-28306  cubic  feet)      1  bushel 
8  bushels      ....    1  quarter  ^ 

4  qtiaHd^  (4i^tr7  ciib^c  feet)  1  <^haildrop.>  ! 
6  quarteis  . 
2  loads 


12  incUes,.,. 
S  feel  .  * 


Builders'  Measurement. 

TA3L$  l-d»--^IN£AL  MeASUBS.  •  •  '  ^ 

(      •   TL  fobti . 
*  .   \  .  •     !•  yard;     .  .  ! 
•  I.  ii    lA^febt  * .  ..  1  rodii   .  .  -  • 

•  The  rod  pf  16:^  feeii lineal  is  used  for  measuring  park-fencing. 

liul)ble-walling.  in  some  parts  of  England,  is  measured  by 
the  rod  of  16^  ^eet,  by  1  f  oot  high  ;  and  the  various  thicJ^^le.s^e8 
are  stated.  ;  • 

TaBLB  29.'--^UP£BFICIAL  Measobb.  '       '  ' 

1  pairt  .  •  .  ,  .  .  .  .  •  1  square  in^h,  • 
12  parte       .  •    .  ^  .       1>itich  (12  sqijtfure  incheB). 

12  ii&efaes  .      .    -  .      .      .      .  '  1  foot. 
•  .9  feet  '  • .      .  .    .  .    \    •  /•  .  .J  .  .  1  yaixi. 

100  feet  1  square. 

^72Jfeet      ^      .  lr«|d. 

Brickwork  generally  is  mensured  by  the  rod  of  272  feet 
superficial  (not  272 J  feet)  reduced  to  ij  bricks  iu  thickness. 
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Bat,  for  engineering  wgrks^  it  is  measured  by  the  cubic  yard,  of 
27  cubic  f  e6t. 

Flooring, bating,  kud  tiling,  are  measured  by  the  square. ,  ' 
Paving,  painting,  plastering;,  &c.,  are  measured  by  the  yaid, 

Tablk  2U---CUBIC  Measuke.  ,       '     •  . 

1  third        •  ,    ^    ,     .l.Cttbic  inch. 
12  thirds  •      , .  .      •  J;part  (12  cubic  inches). 
12  parts  .      *         *    •    1  inch  (144  cubic  inches). 
12mche»  .^  ,  A. l9«t  CW8 iach^^^^ 

27  feet  ....   1  yaid. 

Sxdt^tU)!^,- ^C^,  k6.y  are  measured  bjri  'thef  '^bid  yitid. 
Masonry,  9qui^€^3ided  .timber,  &c.,^  are  mrefiisuted  by  the 
cubic  foot.  .      *     •  '  »  • 

•  Timber. 

•  The  inscribed  squara  ia  the  section 
of  a  tonhd  tree  gives  the  nucdnuim  of 
sectional  areai.  but  not  the  ma^mum 
of  transverse  strength.   To  find  the 

strongest  section,  draw  a  diameter 
d  h ;  from  the  centre*^  set  off  o  c, 
one-third  of  the  radius  o  J,.and  draw 
^.  ■  the  perpendicular  c  d.  Draw  d  1  and 
d  a,  aim  com])let(*  the  parallelogram. 
The  area  of  the  |)arallek)j?ram  is  0  per 

Fio.  16. -To  ftud  Stromtwfc  «         ^^^"^  ^^^^^  ^^^'^^       ^^^^  squai-c  ?ec- 
Seotlfko  of  Romid  llmi  i  ^^t  it  is  9  per  cent,  stiongei; .  • 


.\TABI^B  ]^2.y-I^IQUID  MBASUBE. 

8*665  cubif&  inches*.     ,      I  giU  or  quaint ^rn   J  '^I4fi0;liire. 

4  gills     .      .      •      .   1  pint    .      ,  '  .y    "rWO"  litre. 

2  pints-.             .  "  .  '    1  quart  I'18591itie8. 

4  pints    .                  K   1  pottle  ,      .  •  .   2^718* Ifttes. 

8  pints  /  (277'274  cubic"!  1        «  ^.-iti- i  * 

4  quarts!     inches)  ,  ri^r^       l  .  '   '   4-o43o  litres. 
6*2365  gallons  .  '   •      .1  cubic  ^oot.' 
168-37^  g»Uons  «.        .   1  eubicyai'd, 

220*09  gallons    «      .      •      .      .  »  l€u]|MiCme4re. 

t       .  ■.      ♦  1 

TABDB  23.^0IiD  WlNHi  AND  3PIBIT|MBABURB;  'li 

....  . 

.  ,     '       '  Imperial  Gallons. 

4  gills  or  quart^iis         ,  *  IpM.  '  \ 

2  pints    *      »      w      •      I  quaort.'  *     •  . 

4  quarts  (2BV06  cubic  Inches)  1  gall^        =  •      'SBS^y  or  |. 


124  WElUttTd  ANi>  MSjASUJiBS. 

I^iperial  gallons.  , 
31*  gallons         .      .      .    1  barrel        =  26-26, 

llaSy      •  ••      l»»8Shead    =  52-5.  • 

84  gallons     .      .      .      .1  puncheon   =  70. 
126  gallons        .      .      ,1  pipe  or  butt  =  106. 
2  pipes       .      .      .      .1  tuB-   '  *  '  :ss  210. 

Wines,  spirits,  oils,  fee,  are  measured  by  this  scale  ;  but  the 
couteats  ot  casks  axe  reckoned  ia  imperial  gallons  when  sold. 

,  60  minims  CVf\)     .      .       .1  fluid  dr^m  C/5)-. 
$  drachms  (water  1-732  cubicj^  ^^^^  ^^g,^  , 

mches,  43  / i  grains)     J  s-^         .  ^ 

20  ounces      ....    1  pint  (t>). 
80  pints  (water,  70,000  grains)  1  gallon  (gall.) 
•  4  drachms       ...       1  tablespoonful. 
2  ounces  (water,  875  grains)    1  wineglassful. 
•3  ounces  ...    •  '  .  .    1  teacupful. 

4  •  • 

T^t^  25.^AyOISD.UPOI8  WEiaHT. 

1  grain .       .       .  '    .       .  *       •0648  gramme. 
27-844  grains    .1  drachm    .    .    1-771S  gmmmes. 

_  16  drachms  I  \  ^         • ;  ,28.8496  gnunmeB. 

4374  grains  j  •  ■  •  o 

16  ounces ■\  *  '    ,    ^„  \      '  /  453-592l>  grammes. 

7000  grains  J  '       ^  *  '  ''l      -45351)3  kilogrammes. 

14  pounds    .  .    1  stone  .       .    6*3503  kilogrammes. 

28  pounds  .       1  quarter  .   .  ' 12*7006  kilogi-ammes. 

ll^poimcir     •  1  Btft^red^^t  60-8024  tUogtkmmefir. 

'  20  hundredweig.hts\  ,  .  /  1016-048  kilogrammes. 

2240  pounds      .     J  .  \  '\    1:01605  metric  to^^ 


Table  26,—Tboy  *Wbiom.         '  . 

24  grains  1  pennyweight  •   1-5552  grammes. 

20  pennyweights     ^  ^  ^  31-1035  grammes. ' 

480  grains     .  J 

12  troy.  oanodB\  ■ ;  *  /  378*2419  grammes. 

6760.grains    ♦    /  ^  ^^''^  P^^"^  \  -37324  kilogramme. 

25  pounds      .    1  troy  ([uarter  .  )aLog]:{vmme8. 
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Table  27. — Coal  Weight  (English). 

Hpountis      •      .   1  stone     •      «  6*3503  kilogrammes. 

88  pounds    .      .       1  bushel 

1  sack  of  112  pounds  1  humlredweigbt  60*8024  kilogrammes. 
20  hundiedweights     1  ton  . 

26i  hundredweights 


53  huudredweights  {1^^^^^} 


1*01  G05  metric  ton. 

1*3462  metric  tou. 


2 -01)2 4  metric  tons. 


SuTidry  huMs  of  coal^'—CGmiah^  90  or  94  pomids  ;  heaped, 
101  poands ;  Welsh,  93  pounds ;  Newcastle,  80  oc  84  poccads ; 
Iionaoo,  80  or  84  poands. 

The  ^  colliery  ton   is  21  cwt.  of  120  lbs.  eadu-  * 

Table  28.— Hat  akd  Stbaw  Weight  (Sstgl^bq). 

1  truss  of  straw     •  '  .      .  36  pounds. 

1  load  of  straw  .  •      .   •  11  hundredweights,  64  pounds. 

1  truss  of  did  hay  .  .      .166  pomids. 

1  load  of  old  hay  •      .   .  18  hundredweights. 

1  truss  of  sew  hay  .      .  60  jpoondb. 

1  load  of  new  hay  .    .  19  hundredweights,  32  poandsw 

1  cnbw  yard  of  compact  old 

Loose  hay,  5  pounds  per  cubic  foot ;  ordiuarily  presseil,  as 
in  a  stack,  8  pounds ;  close  jn-cssed,  as  in  a  bale,  12  to  14 
jx)unds  ;  ordinarily  pressed,  as  in  a  waggon-load,  from  460  to 
600  cubic  feet  weigh  1  ton. — Harwell, 

Table  29.— Corn  and  Flou5  ,WbI|(3^T  (English). 

1  peck,  or  stone,  of  flour      .      ,      .     14  pounds 
10  pecks    ;       .       .1  boll  . 
.    2  bolls .    •    •  *     .       1  sack 
14  [)ccks  .      .      .1  barrel  • 

1  bushel  of  wheat .... 

1  bushel  of  barley  

1  bushel  of  oats  .... 
80  bushels  of  corn  .... 
Six  bushels  of  wheat  should  yield  one  sack  of  flour. 


140 

280  „ 

196  „ 

(K)  „ 

47  „ 

40  „ 

1  last. 


Table  30. — Timhbr  Measi  kks  for  Building  Turposes 

(ENGLISli). 

Load  ot  timber,  unhewn  or  rough      .      .  40  cubic  feet. 

C  60  cubic  feet. 

Load,  hewn  or  squared   •      .      .      .   .-j  reckoned  to 

(  weigh  20  cwt. 
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stack  of  wood     ^      .  .:108  cubic  feet. 

(Jord  of  wood  128  „ 

(In  ddckyards,  40  cubic  f^et  of  hewn  timber  are  i^eckoned 
to  weigh  20  cwt. ;  50  cubic  feet  is  a  load.) 
100  superficial  feet  of  boarding  or  flooring  .      1  square. 
Hundred  of  deals     .     *  •       ,     ^  .       ^  . 
Load  ot"  1 -inch  plank  J  "  i  * 

Load  of  I i -inch  plauk  .  .  .  1  .  ]  \  ' 
Load  of  2-inch  ..  ^  j  • 

Load  of  24-inch       .       .     ' . .       .  . 
Tvoad  of  3-inch  .   '  •.-    '  .  • 

Load  of  3^-inch    . \:  .  »;  ^  : v^'  •. 
Load  of  4-inch     .  *    .       •  . 
Planks,  section  .  1 

Deals,  section      .      •  ,     •      •  ,  • 

Batteiis,  section  '^'i*  "  !^''  /'.' 

A  reduced  deal  is  1  ^  inches  thick,  11  inches 
wide,  and  1 2  feet  lon^.   '  .  • 

Bundle  of  4  feet  oakrheart  laths  .      .      .    120  laths. 
Load  of  ^      ^  .     87^  bundles. 

Bundle  of  5  feet  oak-heart  Jaths  .      ♦      .    100  laths.  - 
Load  of    .     '  'a  .      ..  .  '..30 bundles. 

Sv  miry-  BuUd^nff'  Materials. 
Load  of  statute  bricks .      .      I      I      •  600. 
Load  of  plain  tiles  r  •   i     •  .  -    .  '   .   .  1000. 
Load  of  lime     -  /'  "Ji         "'\  *     32  bi*Jhels. 

Load  of  sand        »' ,  •  ;      -t'  - 

Hundred  of  lime  .  .  •'85 

.    .  120. 
*  .  1200: 


120  deals. 
600  square:  feet. 

400 

aoo.. 

240 
200 
170 
150 

11  by  3  inches. 

9  by  3  „ 


•  •    •  •    •  • 


•  * 


Hundred  of  nails,  or  tacks     .  . 
Thousand  of  naUi3/ok^ta6ks^'•'•'  '''' 
Fodder  ofx^itd 

Sheet  lead  . 


Hundred  of  leifid  , 
Table  of  .^^lass 
Case  of  glass  •  . 

Case  of  .gittss      .  . 

Stone  of  glass  . 
Seam  of  glass    1  ' 


n 


1 


^  19^  cwt. 
f  6  to  10  pounds 
\    per  sq.  ft. 
112  pounds. 
,  t.    .  '    6  feet.  . 
45  tables. 


•  •  • 


1-1 


J  • .    (Newcastle  and 
.    .  .  .  Normandy  glass, 

..        • '  .    25  tables.) 


5  pounds. 
•24  stone. 


Table  SI.—tEnglish  Brickwork  Measures  (Mackrow). 

•               •  ins,   iris,   ins:'"'  '  Weight* 

London  sto6k' brinks  .  8|x4j:x2|      .  .      .  6*81  lbs. 

Bed-kiln-:  •    .  *    .  .  8Jx41x2^  .  .      .V  TOO'  ,,* 

W^Sh^fte•'  .  .  9  x4ix2J      .  .      .  7-84  „ 
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^  *  ills.   ins.   ins.  Weight. 

Paving  .  .    .   .   9  x  ^ixl^  .      ,  -  a-OOlhq. 

Square  til»  ,       ;  •     ^   Dj  x  9|  x  1;    ,      ....  5*7Q  ^ 

<io.  .      ..6x6x1  .      .      .  2'16  „ 

A  rod  of  brickwork  is, — 

16^  feet  X       feet  x  1^  bricks  thick  ; 
30(i  cubic  feet,  or  HJ  cubic  yards  ; . 
272  superficial  feet  li  bricks  thick  ; 
435^  stock  bricks,  4  courses  1  foot  bigh. 

Bricks  absorb  ab^t  ^th-  of  ibdu:  weight  of  Vateil 
j  A  rod  of  Iwiclc-work  require  j  abpQt  3  cubic  yards' of  mortari 
pr  H  cubic  yar*5  q<  lOialk  limo  aiu}    loads  of  ^aBd,  or  1  cnbid 

Erid  of  stomtliitie  mi  ^  loads  of  Bmd^  or  36  b«shei9:of  cemeni 
,  dan  equal qqantity  of  s^pd.;     /       ^.         ,        ,  ; 
.  A  load  olmoHar'or-  of  sai^  fp  Ircvbic  yard.  •      •       .  j 
t  Afaag  of  c^mbntis  d  bushelsl   -  n-      .  i    t   .  *  - 
I  A  sack  of  cenieni  is  5  bushels.   :  :  :    .  •  i 

A  load  of  m6rtar  requir»5S  ibout  -9  buflbete  of  lime  andl 
1  cubic  yard  or aoad  of  sand*    J    •  \    '      r    i       '       ,  | 
die  load  of  bricks,  500  briido.    .        .       .  ^. 
330  stock  bricks  weigh!  ton.  .  "  . 

lOUO  bricki?.  loosely  ptadced  opqupy.  ^ut  72  <si4)io  fe^ 
(14  bricks  per  cabicioot>,       .  .  : r.  .  ;  ,  . 

1000  bricks  closely  stacked  occupy'  about  66  cubic  feet 
(18  bricks  per  jcubdcifoot).  '  ;  •  .1 

Mortar  is  composed  lof  1  pact  of  .^ime  to  8  or  3}  parts  of 
sharp  sand.    .    ^  ^ 

i  Concrete  is  composed  of  1  part  of  limer^  parts  of  ffrayeL 
'^nd  2  parts  of  *ind.    '  '  ^  ®  } 

J  Cement  is  composed  of  1  pai*t  of  jportland  cqmeat  to  3  parti 
sai^d.,-  .Or  cetuent  aloufi  mnj  be  usfi^-     ■  •  »  ' 

' '  tx-Bhti  b2.— Tonnage  .  of  Ship^  (English),   "  • 

U  tou^  displacement  of  a  ship  .  i        '   35  ^^biefe^t 

J  ton,  freight  by  measurement  .'     .  ,    •  *  I   40  *.   ,^  ;. 

1  ton,  registered  internal  capacity  of  a  ship  «    100    '        -  , 

il  ton,9hi|>buiirters'qld.mkeaaurment-',  /  94 

I  L."    *  i 

Wire-Gi^uges.;  .  , 

The-  old^est  and  best-known  Birmino^ham  Wire-€rftn^?e  j& 
that  of  which  the  numbors  were  carefully  measured  by 
Mr:  Holtzapffel,  and  published  by  him  in  "^1847.  He  gives 
40  measurements  ranging  from  -454  inch  to  •(K)4  inch,  as  re- 
corded in  Table  33.    It  was  accepted  by  the  Standards  Depart^ 


J 
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ment  of  the  Board  of  Trade.  Although  there  are  only 
40  marks  in  the  table,  tlierc  were  60  different  sizes  of  wire 
made,  for  v/hich  intermediate  sizes  were  added  to  the  gauge. 

Table  33.— Birmingham  Wire-Gauge. 

(Stubs.) 


"\f  nrl- 
i)liirK. 

OUiC. 

No. 

Inch. 

No. 

Inch. 

No. 

In  nil. 

No. 

Inch. 

4/0 

•454 

7 

•180 

17 

■058 

27 

•016 

8/0 

•425 

8 

"165 

18 

•049 

28 

•oi4 

2/0 

•380 

9 

•148 

19 

•042 

29 

•013 

0 

•340 

10 

•134 

20  . 

•035 

30 

•012 

1 

•300 

11 

•120 

21 

•032 

31 

•010 

2 

•284 

12 

•109 

22 

•028 

32 

•009 

3 

•259 

13 

•095 

23 

•025 

33 

•008 

4 

•238 

14 

•083 

24 

•022 

34 

•007 

5 

•220 

15 

•072 

25 

•020 

35 

•005 

6 

•203 

16 

•065 

26 

•018 

3() 

•004 

The  wire-gauge  that  has  been  in  coinraon  use  by  the  sheet- 
rollers  of  South  Staffordshire,  ranges  from  -gj  inch  to  ^  inch 
in  thickness,  according  to  the  following  Table  : — 


Table  34.— Birmingham  WiRB^AUGps: 


For  Iron  Sheets  chiefly. 


No. 

Size. 

Xo. 

Size. 

No. 

Size. 

No. 

1 

Size. 

». 

1 
2 
3 
4 
5 
6 
7 

Inch. 
•3125  (VJ 
•28125 

•25  ^ 

•234375 

•21876 

^203126 
'1875  (^V^J 
'171875 

9 
10 
11 
12 
13 
14 
15 
\% 

Inch. 
•15r>25'* 
•140625 

•12(5  .(Ve) 
•1125 

•1^  (Vxo) 
-0875- 

•075  ' 

•0625 

1  Inch. 
.1 7 '•06626  • 

18  hOS     (V  J 

19  -04376 

20  •0376 
2ll-03435r5  " 

22j-03125(Vp,) 
•88^28125 

24  {•025  (VJ 

25 
26 
27 
28 
29 
30 
31 
32 

liich. 
•02344  •  • 
•021876 
•02p312 
•01876 
•01719 
•015626 
DI4O6 

-(^^  VUo) 

Sir  Joseph  Whitwortli,  in  1857,  promulgated  his  Standard 
Wire-Cjlauge,  ranging  from  half  an  inch  to  one-thousandth 
of  an  inch,  and  comprising  62  measurcmentvS,  given  in 
Table  35.  The  sizes  are  designated  or  marked  by  their 
lesptictive.iiraLues. ,  The  Whit Wiortli  gauge  Jhas  been  in  general 
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1  Hark. 

Size. 

Mark. 

Size, 

Mark.  | 

MarK. 

1  No. 

Incl). 

No. 

Inch. 

1  1 

•001 

17 

•017 

•055 

200 

•200 

1  ^ 

•002 

18 

•018 

130  1 

•OGO 

220 

•220 

•003 

lU 

•oil) 

•0(55 

240 

•240 

1  4 

•004 

20 

•020 

•070 

2(50 

•2(50 

1     5    ;  -005 
1     (5  -000 

22 

•022 

75 

•075 

2S0 

•280 

24 

•024 

80 

•080 

800 

•300 

1  7 

•007 

2o 

•02(5 

85 

•085 

825 

•325 

1  ^ 

•008 

28 

•028 

UO 

•OIH) 

850 

•350 

1  ^ 

•OOD 

30 

•080 

1)5 

•01)5 

875 

•375 

1  1^ 

•010 

82 

•082 

100 

•100 

400 

•400 

1 

•on 

34 

,  -034 

110 

•110 

425 

•425 

1  12 

•012 

30 

•08  () 

120 

•120 

450 

•450 

1 

\  -013 

*  •088 

185 

1  ^185 

475 

•475 

i  •OH 

40 

j  -040 

150 

'  ^150 

500 

.  -500 

•01 T) 

4:/ 

1  -04:) 

Km 

'  •1(55 

1 
1 

•si' 

•ok; 

r>0 

1 

ISO 

•ISO 

I 

JABLK  Se^-^-'CMPEBIAL  STAKBABD  WitS-GAUGE.  | 


I  I  J  !i  ) 


Deserip. 

tive 
Nomber. 


I  ■  r 


Ko. 

7/6 
6/0 
5/0 
4/0 
8/0 
2/0' 
0 
1 
2 

• 

3 
4 
5 
6 

'  T 

» 

8 
9' 


Equivalents 
ii)  Parts  of 
an  Inehi ' 


Inch. 

•500 
•464 
•432 
•400 

II 

•324 
•300 
•276 
•252 
•232 
•212 
•192 
•17(5 
•1(50 
•144 


Metric 
E(|uivuleuU. 


SectioBal  Area  of  Wire. 


Millimetres. 

12^700 
11-785. 
10-973 
10-160 
9-449 
8-839 
8-229 
7-620' 
7^01 0' 
6-401 
5^898 
5-385 
4-877 
4-470 
4-004 
3-658 


Square  Inch. 

•1963 
•1691 
•1466 
•1257 
•1087 
•0951 
•0824 
•0707  ' 
•  •051)8 
•041)1) 
•0428 
•0858 
•02  SO 
•0248 
•0201 


* . 
I- 


Square 
Millimetres. 
126-G7 
109-00 

1)4-5(5 

81-  07 
70-12 
01-3(5 
53-1 1) 
45-00 
88-5S 

82-  18 
27-27 
22-77 

l8-(;s 

15-70 
12-1)7 
10-51^ 
K 
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Table  36.— Impebial  Staijdabd  Wibe-Gauge  (continued). 


Equivalents 
in  Pftrtsof 


Metric 
Equivalents. 


No. 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
2B 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
8r) 
8() 
37 
88 
39 
40 
41 
42 
48 
44 
45 
4G 
47 
48 
49 
50 


Inch. 

128 
IK) 
104 
092 
080 
072 
064 
05") 
048 
040 
0B6 
0B2 
(^8 
<^4 
022 
020 
•OlS 
0164 
0148 
0136 
0124 
0116 
0108 
0100 
0092 
0084 
OOTf) 
00C)8 
OOiiO 
0052 
0048 
0044 
0040 
0086 
(M)82 
0028 
-)024 
0020 
0010 
0012 
00]  0 


MilUffletres. 

3-251" 

2'\m 

2-1)42'^ 

2-887 

2-082 

1-829  • 

1-G26  ' 

1-422 

1-219 

1*016; 
•D14 
•81S 
'711 
•610  ' 
•559 
•508 
•457 
•4166 
-3769 
•3454 
•3150 
•2946 
-2743 
•2540 
.  -2887 
•2184 
•1980 
•1727 
•1524 
•1821 
•1219 
•1118 
•1016 
•0914 
•0813 
•0711 
•0()10 
•0508 
•040(3 
•0305 
•0254 


•P. 


Sectional  Area  of  Wire. 


Square  lBch» 

•0129  I  . 
•0106  : 
-00849 
•00665 
•00508 
-00407* 
•O0322  ' 
•00246 

•OOIBI 

•00126 

•00102' 

•000804 

•000616 

-000452 

•000380 

•000314 

•000254 

•000211 

•000173 

-000145 

•050121 

•000106 

•0000916  • 

•0000785 

•0000605 

•0000554 

•0000454 

•00008(i8 

•0000283 

•0000212 

•0000181 

•0000152 

•0000126 

-0000102, 

•00000804 

•00000616 

•00000452 

•00000814 

•00000201 

•OOU001I8 

•0U00OO785 


Square  ^ 
Millimctrea 

8-80  . 

6-82 

5-48 

4^29 

8-24 

2-63 

2-07 

1-59  : 

117  . 
•811 
•657  ! 

.•519  : 
-397  ' 
•292 
•245 
•203 
•164 
•136 
*111 
•09a7  . 
•0779 
-0682 
•0591 
•0507 
•0429 
•0857 
•0298 
•0284 
•0182 
•0187 
•0117 
•00982 
•00811 

•oor)5i; 

•00519 
•00397 
•00292 
•00208 
-00129 
•00078 
•00051 
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Tablb  87.— Wabbikotoit  Wibx  Oa^uge. 

(lljlands  Brothers.) 


'tly  used  nou)J) 


t 

Mark.  Size. 

Miirk.  !  Size. 

Murk.  {  Size» 

No.  Inch. 
7/0    '  •  •  i 

5/0  A 

3/0  g 

2/0    1  M 

0  .  -826 

1  r  «00 

2  '274 

3  -250  or  i 

No.   ^  Inch. 
4     .  -229 
6   '  -209 

6  -191 

7  1  -174 

8  t  '159 

9  -146 

10  -135 
lOJ       -125' or  J 

11  !  -117 

12  j    -100  or  i 

No.  Inch. 

13  .  -090 

14  '  -079 

15  -069 

16  '  -062801,^. 

17  '053 

18  -047 

19  •  -041 

20  '086  ' 

21  ,     -0316  OTJb 

22  ,  -028 

1 

Table  38.— Holtzapffel's  Lancashire  Gaugb. 

(?\n'  Bound  Sfrrl  Wirr  and  Pinion  Wi rp.') 


Mark. 

Size. 

Mark. 

Size. 

Murk. 

Size. 

Murk. 

Size. 

Mark. 

Size. 

No. 

Inch. 

No. 

Inch. 

No. 

Lich. 

1 —   '  ■■ 
No. 

Inch. 

No. 

Inch. 

80 

•013 

57 

•042 

34 

•109 

11 

•189 

iM 

•295 

79 

•014 

50 

•044 

33 

•111 

10 

•190 

N 

•302 

78 

•015 

55 

•050 

32 

•115 

9 

•191 

0 

•310 

77 

•010 

54 

•055 

31 

•118 

8 

•192 

P 

•323 

70 

•018 

53 

•058 

30 

•125 

^ 

•195 

Q 

•332 

75 

•019 

52 

•000 

29 

•134 

0 

•198 

R 

•339 

74 

•022 

51 

•0(J4 

28 

•138 

.> 

•201 

S 

•348 

73 

•023 

50 

•007 

27 

•141 

•I 

•204 

T 

•358 

72 

•024 

49 

•070 

20 

•143 

•209 

U 

•308 

71 

•020 

48 

•073 

25 

•140 

•  > 

•219 

V 

•377 

70 

•027 

47 

•070 

24 

•148 

1 

•227 

W 

•380 

09 

•029 

40 

•078 

23 

•1.50 

A 

•234 

X 

•397 

f)8 

•030 

45 

•080 

09 

•152 

B 

•238 

Y 

•40] 

G7 

•031 

44 

•084 

21 

•157 

0 

•242 

z 

•4 1 3 

06 

•032 

43 

•080 

20 

•100 

D 

•240 

Al 

•420 

0.') 

•033 

42 

•091 

19 

•104 

E 

•250 

Rl 

•431 

04 

,  ^034 

41 

•095 

18 

•107 

F 

•257 

CI 

•443 

03 

•035 

•10 

•090 

17 

•109 

G 

•201 

Dl 

•452 

02 

•()3ii 

39 

1  ^098 

10 

•174 

H 

•200 

El 

•402 

01 

•038 

38 

I  •loo 

15 

•175 

r 

•272 

Kl 

•475 

00 

•039 

37 

•102 

14 

•177 

Kj 

•277 

CJl 

•484 

59 

•040 

3G 

'  •I 05 

13 

•ISO 

K 

•281 

1X1.  i-494u. 

58 

'  •() !  1 

35 

'  •107 

12 

•is:, 

L 

•290  1 

1 

X  2 
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The  Imperial  Standard  Wire-Gauge  was  legally  established 
March  1, 1884.   It  is  given  in  Table  86. 

The  Warrington  Wire-Gauge,  formerly  practised  by  Rylands 
Brothers,  is  given  in  Table  37.   It  is  rarely  nsed  now. 

The  Lancashire  Gauge,  Table  88,  arranged  by  Holtzapdel, 
.  is  employed  for  the  manufacture  of  bright  steel  wire  in  Xai](> 
cashire,  and  steel  pinion-wire  nsed  in  clocks  and  watche^L 
The  larger  sizes,  distinguished  by  letters,  form  the  Zfittei^ 
Gauge. 

There  are  also  the  Needle-gauge,  for  needle-wire,  and  th^ 
Music  Wire-gaugei  for  the  strings  of  pianofortes. 


Table  89.-^Admibalty  Knots  and  Statute  Miles. 


lif  i  Ipq 

Miles 

1 

•10 

•1152 

5-50 

0-3333 

12-25 

14-1001 

1 8-75 

21*5909 

•20 

•*>303 

5*75 

(j-(>212 

12-50 

14-3939 

19*00 

21*8788 

•30 

•3455 

()-00 

0-9091 

12*75 

14-0818 

1 9-25 

52*1007 

•40 

'4()0I> 

r»-25 

7-1970 

13*00 

14-9097 

19-50 

22-4545 

•50 

•5758 

()'50 

7-4848 

13-25 

15-2570 

19-75 

22-7424 

•(>0 

•0909 

0-75 

1-1121 

13-50 

15*5455 

20-00 

23-0303 

•70 

•8001 

7-00 

8-0000 

13*75 

15-8333 

20-50 

23*0001 

•80 

•9212 

7-25 

8-3485 

14*00 

10-1212 

21-00 

24-1818 

X     X  ^  '  X  '  ' 

•90 

l-03(>3 

7-50 

8*(J304 

14-25 

10-4091 

21*50 

•>4-7570 

1-00 

1-1515 

7-75 

8-9242 

14-50 

10-0970 

22-00 

25-3333 

8*00 

1 4*75 

1  fi-<^)84K 

-i»>  V\.'%/1 

1-50 

1-7273 

8-25 

9*5000 

15-00 

17-2727 

23*00 

20-4848 

1-75 

2-0152 

8-50 

9-7879 

15-25 

17-500(; 

*23-50 

27*0600 

2-00 

2-3030 

8-75 

10-0758 

15-50 

17-8485 

24*00 

27-0304 

2-25 

2-5909 

9-00 

10-3636 

15*75 

18*1364 

24*50 

28*2121 

2-50 

2-8788 

9-25 

10^6515 

16-00 

18*4242 

25*00 

28*7879 

2^7r) 

3-1667 

9-50 

10*9394 

16-25 

18-7121 

25*50 

29-3636 

3-00 

3-4546 

9-75 

11^273 

16-50 

19-0000 

20*00 

29*9393 

3^25 

3-7424 

10-00 

11*6152 

16-75 

19-2879 

20*50 

30-5151 

3-50 

40308 

10-25 

11^030 

17-00 

19-5758 

27*00 

31-0908 

3-75 

4-3182 

10-60 

12-0909 

17-25 

1^-8630 

27*50 

31*6668 

4-00 

4-d06I 

10-75 

12«788 

17-50 

20-1515 

28*00 

32-2426 

4-25 

4-893^ 

11-00 

12^667 

17-75 

20-4394 

28-50 

32-8183 

4-r)0 

5-1818 

11-25 

13-9545 

18-00 

20-7273 

29-00 

33-3941 

4-75 

5-4697 

11-50 

13*2424 

18-25 

21-0512 

29*50 

33-9698 

6-00 

5-7576 

11-75 

12-5303 

18-50 

21-3030 

30*00 

34-5456 

5-25 

G0455 

12-00 

13-8182 
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TABIiB  40.— YULGIAB  FBACTIONS  OF  A  LiNSAL  InC^  IN 

DEOtKAli  F&ACTIOK& 

Advancing  by  Eighths. 


Eighths. 

PracUons. 

Dedmiila  of 
an  Inch. 

Eighths. 

Fractions. 

i)ecimala  of 
an  Inch. 

1  •  ;  \  1  -125 

^      [     i     '  -26 

3  r      i       \  -375 

4  •      %  -5 

8     ;    1  ■ 

-625 

•75 

•879 

1-0 

r»<  , 


*  Advanoing  by  Twelfths. 


Twelfths. 


1 
2 
8 
4 

o 
6 


Fractions. 


Decimals  of 
an  Inch. 


i 


•U833 

•1666 

•25 

•3383 

•4166 

•5 


Twelfths.  Fractions. 
•  i 


Decimals  of 
an  Indh, 


7 
8 
9 
10 
11 
12 


I 

i 
f 


•588S 
•6666 
•75 
•8333 

•OIGO 
1-0 


Admnctj^  SitrtSewths. 


Six- 
teenths. 


I 


Fractions.. 


Decimals  of 
an  Inch. 


1 

» 

3 
4 

ft 

0 
7 
8 


1 

15 

i 

5 


•U62n 

•125 

•1875 

•25 

•3126 

'?}  7.") 

•4375 

"o 


8ix. 
teeuths. 


I 


I 


Fractions. 


Decimals  of 
an  I'lch. 


10 
11 
12 
13 
14 
15 
16 


I 

15 

T8 


•5625 

•(;2:) 

•6875 

•75 

•8125 

•87r» 

•9375 
1-U 
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!DaBLB  40,— VULOAE  FEACTrdNS  OF  A  LlNEiOi  iNCfi  IN 

Decimal  FbactioNB  (pontitmed'). 


Thirty-  ;  Decimals  of 

second?.  '  1    an  Inch. 


1 

2 
3 
4 

5 
G 
7 
8 
9 
10 
11 
12 
IS 
14 
15 
16 


^1 


ii 


i 


i 

f 


•03125 
•062S 
•09375 • 
•125 

•15025 
•1875 
•21875 
•25 

•28125 

•■5125 

•34375 

•375 

•4U625 

•4375 

•46875 

•6 


Thir 
secon 


Decimals  of 
'an  inelu 


17 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


ft 

f 

11 


•53125 

•5625' 

•59375 

•625 

•65625 

•6875 

•71876 

•75 

•78125 
•8125 
•84375 
•875 
•90625 
•9375 
•96875 
1^0 


AeSvaneing  by  odd  Siwty-faurths. 


Bixtv. 
fonrtlis. 


1 

8 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 


Decimals  of 
an  Inch. 


« 


•015625 
•031250 
•078125 
•109375 
•140625 
•171875 
•203125 
•234375 
•205625 
•296875 
•328125 
•359375 
•390625 
•421875 
•453125 
•484375 
•515025 


Sixty- 
fourths. 


T 


Decimals  of 
an  inch* 


35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 
57 
59 
61 
63 
64 


•546875 
•578125 
•609375 
•r>40625 
•671875 
•703125 
•734375 
•765625 
•796875 
•828125 
•859375 
•890625 
•921875 
•953125 
•984375 
1-0 
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Tablb  41.— Lineal  Inches  in  Decimal  Pbactions  of  a 

LiNBAZi  Foot. 


f 

Inches. 

Lineal  Foot.  1 

T  inpn.1 

J  ^  1  J 1  Ccl>  1 

Inches. 

Lineal  Foot. 

Tnrhfis. 

Lineal  Foot.  1 

&  ' 

•001302083 1 

1 

[ 

;511ii  1 

•00260416  1 

8 

» 

•5625  1 

•005208;^  1 

1 

•5833  1 

-010416  1 

1 
1 

•60416  1 

025  1 

•0208i 

Si 

1 

'6458a  1 

•02G0410 

P 

• 

1 

1:  1 

•03^25 

'  ^0864583 

1 

>  1 

•6875.  1 

i  ft 

f  lO 

1 

•7083  1 

■  i 

,  '041<j 

1  ^ 

• 

• 

•ox 

i 

.   -72916  1 

ft 

JJD 

•046815 

•0  74\Q*i 

9  ! 

•75  1 

1 

•0d208a 

1 

H  ' 

•77083  l 

•7916  r 

♦  ^ 

•0G25  . 

4 

1 
\ 

9i 

•8125,  1 

MP 

tD677084 

'J>o<»lb 

10 

•8336  1 

• 

.  s 

i  -07291(3 

•85416  1 

'  ft 

1  5078135 

•875  1 

1 

;  -otssa  , 

6 

t  1  /  •  A 

•41bO 

•89583 

'  -€0873 

•4»75 

11 

1  -9166 

** 

•lOilG 

1  Si 

1 

*458a 

Hi 

•9375 

-11458;^ 

•47916 

Hi 

•9586  • 

■ 

6 

•fi 

'  -iiyuio 

•id54ie 

*5208d 

la 

• 

,  l-OOOO 

•1158a 

■ 

■ 

•  s 

I 

i 

1 

itrr  ■ 

• 

{ 

o 
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Table  40.— Vulgar  Fractions 
Decimal  Fractio 

Advancing  hij  Thir 


i:  mcTioNs  OF 


Thirty- 
seconds. 

1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
IJ  12 

13 
14 

15 
16 


Fractions 


Sixty- 
fourtlis. 


1 

3 
5 

rf 

t 

9 
1 1 

i:; 
1 


i 


§ 


JL/Cl'lIIIiilS  Ul 

Till 

X  11  i 

an  Inch. 

secu 

•03125 

17 

•0625 

18 

•09375  • 

10 

•125 

20 

•15625 

21 

•1875 

22 

•21875 

23 

•25 

24 

•  -28125 

25 

•3125 

26 

•34375 

27 

•375 

28 

•40625 

29 

•4375 

30 

•46875 

31 

•{) 

1 

32 

anchig  hy  odd  Sixty-fo 

Decimals  of 

Sixty- 

an  Incli. 

fourths. 

> 

35 

1 

i 


.'.111; 

1 1 1 1 » I  i>j 

Fait 

105 

'am 

106 

107 

•7i;jo.) 

.  -  • 

108 

•7:)00o 

109  1 

1 

110  , 

•7H38S 

111 

•77l>^o 

112 

i 

113 

•7^472 

114 

115 

•7<>8';i 

.  .-. 

lis 

•so.").'),") 

■■f 
;  1  - 

117 

•Sl24y 

:. 

1]8 

•S11H4 

■:^;! 

119 

'■> 

120 

121 

^  *  1 

'  f.;  1 

•Mli) 

Square  Inches. 


:?qnare 

Square  j 

Snuaro 

N<|u:in' 
Foot. 

S<iMM  ro 

Inches. 

Foot.  1 

Ilulu'S. 

 — 

luchrs. 

-  — 

— ■ — - 
87-4 



•M  ; 

73-4 

--  — 

•7r, 

in!)-4 

•52 

74^l» 

•77 

IH)-1> 

40-3 

70 -3 

•78 

112-3 

41-8 

•:»4 

77-8 

•71) 

1  13-S 

4H-2 

71>^2 

•80 

nr. -2 

44-« 

8()^0 

•81 

ilCrO 

4r)-l 

•r.7  ' 

.S2-1 

•82 

1181 

17-5 

•7)8 

S3-:) 

•83 

111)-:. 

'  !>-0 

-yj  : 

h:»-o 

•84 

,  12P0 

i)-4 

•r»o 

.s(;'4 

[•J2-4 

•8 

Hl-H 

•H<; 

'  123-S 

•r,2 

Hl>-3 

•87 

120-3 

lM)-7 

•88 

'  120-7 

•r,4  ' 

811 

,  12S-2 

•i;:, 

i)3-i; 

•IM) 

I2i>0 

•(w; 

'in 

131-0 

•(;7 

•i»2 

132-:) 

•OH 

l»71i 

i:{:s-:i 

•Oi) 

'.»!)•  1 

l:;.".-i 

•70 

lOo-s 

i:;i;-s 

•71 

102 -J 

-i« ; 

i:;s'2 

\ 

72 

in:;-: 

-'.'7 

13'.»-7 

\ 

,  lo:,-! 

•DS 

J  n-i 

1  ();•'; 

•'.111 

1  rj:'. 

\ 

1  IKI 

1 

r  cuhic  Y:\r.l. 
or  cubi'-'  vnTi], 

'ic  var  1. 
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Table  42.— ISquake  Inches  in  Decimal  Fbactioks  op 


A  Square  Foot. 


Square 

Square 

Foot 

Square 

Square 
Foot. 

Squar-^, 

1 

1 

Square 

Square.  Square 
Inches.'  Foot. 

inches. 

Inches; 

Inches. 

Foot 

lU 

\J\/yJyi  %JT-t 

24 

DO 

•i  1 1  hA 

105 

TO  A  1  i* 

•720  lb 

•1  K 

ZD 

an 
QD 

106 

•/3(>1 1 

•OA 

2o 

b7 

107 

•/430o 

•Oft 

•ooJ  7:h<;  i 

Vy  V/X  (  C/Vi  X 

27 

OO 

•47*>2'> 

108 

•  / oOOO 

•QA 

oU 

•()()•>(  )S.''l 

OQ 

69 

109 

•7ob04 

OO 

'(){)->  I'M)^ 

OA 

29 

70 

xO')  X  1 

110 

•7boo8 

.(1(19777 

30 

71 

111 

.T  Tl  li)  •! 

•/  i\Jo6 

•  /I  c 

31 

72 

o\j\J\J\J 

112 

•77/  /  / 

OU 

3^ 

..)•>•;•>.> 

73 

•■^oiiqi 

113 

•/  84  /  2 

00 

30 

A 

74 

114 

•/  Oibb 

DU 

*()()4  1  (ii; 

34 

1  i 

.itIU  1  X 

70 

115 

•/l>ht)l 

•004;")  1 

O  K 

90 

7d 

•5277/ 

Iff 

116 

<u 

•(J048j)i 

3b 

77 

•53472 

117 

•81249 

70 

O'V 

37 

78 

■  )41l»(» 

118 

.old!  4 

•8 1044 

oU 

33 

^A 

79 

•JxOw  X 

119 

•82b38 

•fi  fi. 
OO 

O  (\ 

39 

on 

80 

120 

•83333 

•Ckf\ 

40 

£,  t  1  I  i 

O  1 

81 

121 

•8402/ 

•Oft 

A  1 

41 

OA 

82 

•'^riq44 

122 

•84722 

1 

A  A 

42 

M  t/X  lil) 

83 

123 

•8i)-tlb 

o 
2 

.(11  HSS 

43 

OA 

84 

124 

•81)111 

a 
O 

A  A 

44 

80 

•50027 

125 

•8')80o 

•02777 

A  ft 

40 

•:n  24q 

oa 
OO 

•51)722 

126 

•8  /  oOO 

0 

•0847''> 

AC 

4o 

•:U*)44 

o7 

•(5041«i 

127 

oM  04 

O 

.( )t  1 

A  *'t 

47 

OO 

88 

(ji  11  i 

128 

.U    ^  V 

7 

A  O 

48 

OA 

89 

•(51805 

129 

.  ij  (1   c  "I 

oO.>oo 

Q 
O 

ACk 

49 

CkA 

90 

•(i*\")()0 

130 

•002  /  / 

A 
if 

ftA 

00 

•H472-> 

•1)311)4 

131 

000/  J 

iU 

.0()<l  t-l 

ol 

OA 

92 

•i)3888 

132 

0  lOoo 

1  1 

•()7ti.JS 

02 

1 1  i 

»  X  X  1 

AO 

9a 

•)5458;i 

133 

yzoo  1 

1  o 
LA 

•0833;i 

vy        *  '  *  ^ 

03 

•HlISO'i 

U4 

•<>5277 

134 

0»>O.)O 

t  Q 

13 

•OIM)27 

04 

vi7r)0() 

Oft 
VO 

•55072 

135 

•O37.)0 

14 

00 

•  lO  1  »'-T 

OQ 
VO 

•l5()GG() 

136 

•04444 

1  ft 
10 

ftO 

OO 

•  t»  u  a  w 

*  Of 

97 

•U736i 

137 

■0.)138 

16 

•11111 

07 

OO 

vo 

•(58056 

138 

•05833 

17 

•  1  1  <n\K 

CO 

08 

402/  / 

OO 

99 

•i)8  750 

139 

•01)527 

18 

•l2:.oo 

59 

'400/2 

t  AA 
100 

140 

•0722-^ 

19 

•iail)4 

60 

•41  ()<)(*> 

101 

•7(H38 

141 

•07010 

20 

•i:is.s8 

61 

•I2:}i;i 

102 

•70833 

142 

•081)11 

21 

•14583 

62 

•4H0'.o 

103 

•71527 

143 

•99305 

22  11527? 

23  'imit 

1 

63 

•43750 

104 

•72222 

144 

1-JOOUO 

64  , 

•44414 
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TABhs  43.— Dbcimaxi  TRWfjiom  w  A  Sq^abr  Foqt  hi 

Sqttabb  Inches. 


Square 

1 

Square  1 

Square 

Sqxiarc 

Square 

Square 

Square 

Square 

Foot. 

Inches.  1 

Foot. 

Indies. 

1 

Foot. 

i  Inches. 

Foot 

Inches. 

•01 

1^44  1 

•2(> 

37-4 

•51 

1  73-4 

•7() 

109^4 

-02  i 

2-88  1 

•27 

•52 

:  74^9 

•77 

,  110^9 

•03 

4-32  1 

•2a 

-40-3 

-53 

76^3 

•78 

112-3 

-04 

5-76  1 

-29 

41-8 

•54 

I  77^8 

•79 

•  113^8 

•05 

7-20  1 

•SO 

43^2 

•55 

1  79-2 

•80 

115^2 

-08  8-64 

•31 

1  44-^ 

•56 

80-6 

•81 

116-6 

•07  .  1  10-1 

-32   i  46-1" 

•57   1  82*1 

•82   i  118-1 

-08 

«>«> 

*        7  f  V 

oo 

•83 

'  119-5 

-09 

13-0 

•34 

1  4d^5 

•84 

1  121-0 

1  on 

1    OU  X 

•85 

122-4 

•11 

-36 

51-8 

•61 

87-8 

•86 

'  123-8 

•12 

;  i7-a 

•37 

'  .68-3 

•62 

.89-8 

•87   •  135-3 
•88    '  126-7 
89    i  128-2 

•90  129-0 

•18 

,  18-7 

1  -38  . 

64-7  ' 

•63 

90-7 

•14 

,  20-2. 

1  -39 

5G^2 

•64 

922 

•15 

21-6 

I   23  0 

1  -40 

•65 

93^0 

•16 

41 

, '58-0 

•fin  ' 

95^0 

•91 

131-0 

•17 

24:^5 

42 

00-5 

•()7  1 

90-.') 

•92 

132-5 

•18 

25-9 

1  -43  , 

61-9 

•08  1 

97^9 

•93 

133-9 

•19 

44 

OB -4 

•09  J 

99-4 

•04 

135-4 

•20 

1  28-8 

1  '^'^ 

CAS 

•70  ' 

100-S 

-!)5 

130-S 

•21 

i    3  0  2 

1  -40 

6f)-2 

•71  1 

102-2 

•90  ' 

138-2 

•22 

'  317 

1  '^'^ 

67'7 

•72  ' 

103-7 

•97  . 

139-7 

•23 

'  331 

•48  ' 

fi9-l 

•78  j 

105-1 

•98 

1411 

•24 

'  34-fl 

•49 

TO-n 

•74  , 

lOfrO 

•99 

i42-i; 

•25- 

'   36  0 

•50 

• 

1 

72^0 

108^0 

1^00 

144^0 

<•  • 

1 

«  f        -  ■ 

t 


TABLS  44«^OoBEELiLTlVK  BATBa  (JDNaLISH)* 

/  -926  ounce  per  cubic  inch. 
1 00  lbs,  per.  caji>ic  iqat   .    .  1 24-107  cwt  per  cubic  yard. 

(1*2053  tons  per  ciibic'yatd. 

1  cwt.  per  cubic  jAsd.  -  .  .  .   4*148  lbs.  per  cubic  foot. 

1  ton  p3r  cab  ic  yard       .    .    82*963  lbs.  per  cubic  foot. 

1  grain  por   gallon   (I    in  T  0*2321  grains  per  cubic  foot. 
70,030  parts,  by  weiglit,  of  |  10S*30  grains  per  cubic  yard, 
water)  ....  (  220*09  grains  per  cubic  metro 
1  lb.  per  lineal  yard       .    .    -7857  tun  per  mile. 
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Table  44.— Cgbbelative  Kates  (English)— C<?(w^inM«<0. 

.144  lbs.  per  square  foot. 
1296  lbs.  per  square  yard. 
"5786  ton  per  square  yaard. 
2*0355  incbes  of  mercurjr  at 
'  32'  F. 

2*0416  inches  of  mercnry  at 
62T. 

2*809  feet  of  water  at  62°  F. 
.27*71  inches  of  water  at  62**  F, 

-  ■ 

•  r  2ai6'4  lbs.  per  square  foot. 

1    X      1.  rr  xu    ^r.^  \  ^'^OS  totts  pcr  sc^aic  yard. 

1  atmosphere  (U*7  lbs.  per  35.947  feet  of  water  at  62**  F, 


1  lb.  per  sqnare  inch 


square  inch) . 


1  lb.  per  square  foot 


1  inch  of  water  at  62**  F. 


1  foot  of  water  at  62°  F. 


•  \  10*347  metres  of  water  at  62*  F, 
[  30  inches  of  mercury  a(t  62**  F. 
?  00094  lb.  per  square  inch. 

.-!  -1111  ounce  per  square  inch. 
\  '0804  owt.  per  square  yard. 
f  -5773  ounce  per  square  inch. 

•  I  -0301  lb.  per  square  inch, 
'i  5-20  lbs.  per  square  foot. 

t  •0730  inch  of  mercury  at  62*  F. 

(  -433  lb.  per  square  inch. 
.  J  62*355  lbs.  per  square  foot. 
( -883  inch  of  mercury  at  62°  F. 
C  '49  lb.  per  square  inch. 

.    ,    -  _L  AAO  w    I  70*56  lbs.  per  square  foot. 

1  inch  Of  mercuiy  at  62"         ^^^^55  f^^^     ^..^^er  at  62°  F. 

I  14  inches  of  water  at  62°  F. 

/  2*222  cubic  yards  per  minute... 

•  \  133*333  cubic  yards  per  hour. 

.  2*222  cubic  yards  per  hour. 

•  1  cubic  jBxd  peir  hour. 
f  2*083  cubic  feet  per  hour. 

■  \  12*984  gallons  per  hour. 

/  1*467  feet  per  second. 

•  \^  88  foet  per  minute. 
.'  -682  mile  per  hour. 

f  -01 136  mile  per  hour. 

•  \  -20  inch  per  second. 

.   6  feet  per  minute. 


1  cubic  foot  per  second 

1  cubic  foot  per  minute 
*45  cubic  foot  per  minute 

1  cubic  incfi  per  secopd 

1  mile  per  hour  ,     » , 
1  foot  per  second  ,     * . 
1  foot  per  minute 
I  in(^  per  second 
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1  Imperial  gallon 


1  U.  S.  galLoa 
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.       .•    f  277-274  cubic  inches. 
♦  ..  '         "1604  cubic  foot. 

'  10  pounds  of  water  at  02**  F. 
•      I  70,000  grrains  of  water  at  62°  F 

I  1-20  U.S.  gallons. 
'  .  ^  4:-544:  litres. 
■   V    •     •    231  cubic  inches. 
'        ■  •    ■    -1337  cubic  foot. 

:    8-338  pounds  of  water  at  62°  F. 
.  .  I  -8333  imperial  gallon  (|ths). 

:  .         ^  3-786  litres. 
•  ^    •  '      ■( -03608  pound. 
:  j  -5773  ounce. 
1  cubic  inch  of  water  at  J  252-6  grains. 

62°  F.    .       .       .       ,   ."j  -003607  imperial  gallon. 
•  •  I  -004326  U.S.  gallon. 

'  •     :  •       ^"    1-01638  litre. 

('  62-355  pounds. 
997-68  ounces  (about  1000). 
•557  cwt.     •  •       '  - 
-0278  ton. 


1  cubic  foot  of  w,3ktei  9k'^2C  F.  ( 


6-2355  imperial  gallons* 
49*884  imperial  pints  (about  50). 


1  cylindrigal  inglj  of  wattji;  at 


1  cylindrical  foot  of  water  at  ^ 
62^  F.  •      •      •  • 


1  cubic  yaid  of  water 


1  litre  gf  water  . 


7-4805  n.S.  gallons. 
28-31&  Utres. 

*02832  cubiic  tnetie.      .  . 
'  02833  pound. 

4533  ounce.  ' 
,  -7854  cubic  'inch.  ; 
.  [  48-973  pounds  (about  50). 
783*57  ounces.  , 
•437  cwt;  ' 
•0219  ton. 
.  \  4*8973  imperial  gallons. 
»  d-8758  U.S.  gallons. 
'  22-2380  litres. 
1^  -02224  cubic  metre. 
1684-8  pounds. 

1 5-043  cwt., or  1 5  cwt.  4*8  pouilds. 
•7645  cubic  metre.        '*  '  ' 
f  i'-2046  pounds  at  62°  F; 
'  -2201  imperial  gallon. 
'  1-761  imperial  pint.  ' 
)  -2641  U.S.  gallon.  * 
!  61  •(125  cubic  inches.  /" 
[  -0.^53  cubic  foot. 
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WEIGHTS  AND  MEASURES. 

Table  45. — Water  (coiitinned). 


1  cubic  metre  of  water  . 


/  1  tonne,  or  1000  kilogrammes  at 

39-1°  F.  or  4°  C. 
;  2204-()2  pounds  at  ^^'V  F.  or 
4°  C. 

2208*7  pounds  at  62*4  pounds 

per  cubic  foot. 
1  ton  of  2240  pounds,  nearly. 
1  tun  of  4  hogsheads  or  2100 

pounds,  nearly. 
220*1  imperial  gallons. 
264*2  U.S.  gallons. 
1*308  cubic  yards. 
'  35*3156  cubic  feet. 
1  1000  litres. 

The  weight  of  fresh  water  is  commonly  assumed,  in  ordinary 
calculations,  to  be  62*4  pounds  per  cubic  foot,  which  is  the 
weight  at  52*3°  F.  It  is  frequently  taken  as  62 J  pounds  or 
1000  ounces  per  cubic  foot. 

The  volumes  of  given  w^eights  of  water,  at  the  rate  of 
62*4  pounds  per  cubic  foot,  are  as  follows  : — 

1  ton     .       .       .       .       .    35*90cubicfeet  (about  36). 

1  cwt.       .      .       .       .    .     1*795  • 

(  -016 

•  (  27*692  cubic  inches. 
1*731 

.    35*3156  cubic  feet, 
r  *0353 

*  \6r025  cubic  inche?. 


1  pound 

1  ounce  .  .  .  , 
1  tonne,  at  39*1°  F.  or  4"  C. 

]  kilogramme  „ 

1  tonne, at 52*3**  F.  (62*4  pounds  1  o-.ooa     x.*  *  *. 
'     I.-   i?    X      *  >3o*330  cubic  feet, 

per  cubic  foot)       .       .  J 

A  pipe  1  yard  in  length  holds  about  as  many  pounds  of 
water  of  ordinary  temperatures  as  the  square  of  its  diameter 
in  inches  (about  two  per  cent.  more). 

A  column  of  water  at  62''  F.  1  foot  high,  is  equivalent  to  a 
pressure  of  '433  pound,  or  6*928  ounces  per  square  inch  of 
base,  or  to  62*355  pounds  per  square  foot. 

A  column  of  water  1  inch  high  is  equivalent  to  a  pressure 
of  '5773  ounce,  or  -03608  pound  per  square  iuch ;  or  to  5*196 
pounds  per  square  foot. 

A  c  )hiniu  oL'  water  100  feet  high  is  equivalent  to  43J  pounds 
per  square  inch  ;  or  2'7^>6  tons  per  square  foot. 

A  column  of  water  1  mile  deep,  weighing  62*4  pounds  par 
cubic  footj  is  equivalent  to  a  pressure  of  about  1  ton  per  square 
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:  1  pound  per  square  inoh  ifi.eqttiyaleiit  to  a  column  of  water 
at  62**  F,  2-31  feet  or  2772  inches  high. 

•  •  • 

Sea  Water. 

1  cubic  foot  at  62*?  F.  .   ^  .   64  pouuda.  i 
1  cubic  yard    .  ..  .    -  .    .    15J  cwt  neaily  (8  pountja  less). 
1  cubic  imetjte      /     .  •       I'toh  fully  (20  pounds  more). 
1  ton  .  ...  B5eubiofeeV 

Eatioof  weight  of  freshwater!  i  *  i  ao^ 

to  that  of  sea  watei« . '     ./     ^  1 

i       r  Ice  and  Snow.  >     '  j 

1  cubic  foot  of  ic^  at  32*  F.  5TviO  pouuds,.         '  i 

1  pound  of  ice    '  „  '  „    {'^^^^he?'''        ''''  '^^'^ 

Specific  dctnsitjr  of  ice,  -022  ;  that  of  water  at  62"  F.  being  1. 

1  cubic'  foot*  of  fresh  snow,  according  to  humidity  of  atmo- 
sphere :  5  pounds  tp  12  pounds  (Trautwine). 

1.  cubic  foot   of    snow  I  i   ^    -a        a  . 

moistenei    and    coW  -  P^"^^^  (Xiaut- 

pact^d  by  rain  .      .  J    ^^^^)-  .  .  . 


•080728  pound  at  82"  F. 


l'2l)  ounce 


1  cubic  foot,  at  14-7  lbs.  per  i  t^:  ' 
square  inch,  or  1  atmo- ' t?^,^''''  , 
sphere    .      .      .      .  ^I^^;^^^^  l'""™'^ 


1*217  ounce      .,  „ 


532-7  grains  „ 
1  litre,  under  one  atmo-/ 1 -21)8  grammes  at  32°  1\ 

sphere       .    '   .       .    .\  1,9-955  grains  „ 
1  pound  of  to  aii  62*'  F.    •  13-141  cubic  feet. 

llbe  weights  of  equal  Volume  of  mercury,  water  and  air  at 
62**  F.  under  1  atmosphere,  are  as  11140-56,*^819'4  and  1. 

'  l4*f  lbs.  per  square  inch. 
2116'4  lbs.  per  square  foot. 
1*0835  kilogrammes  per  squ^^re 

centimetre. 
29*922  inches  of  mercary  at  32''  F. 
76  centimetres  of  mercury  at  32**  F. 
30  inches  of  mercury  at  62°  F. 
38*947  feet  of  water     fiST  F. 
^  10*847  metres  of  water  at  62°  F^ 


I  atmosphere  of  p^ssure  .  ( 
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WEIGHTS  AND  MEABUBBS. 


TABIiB  46. — Air  (eontinve^. 


1  lb.  per  square  inch  • 

1  ounce  per  square  inob 
I  lb.  per  square  foot  i 


i 

a 
p 


o  . 

._. .. 

<s 

-  «'  _ 

-  oo 

M 

=  - 

I  _ 

cx 

r— 1 — ^ — 1 — 

2*085  inches  of  meittivjr  ftt  52*^  F. 

51*7  millimetres       *'  >, 
2*04:  inches  of  mercury  at  ^2**  F. 
1  2  B1  feet  of  water  at  62^  F. 
27*72  ID  dies 
.   1-732  inches, 
J -1025  inch       „   .  „ 

;VQ1417  inch  of  merciay  at  62"  F. 

French  Metric  Weights  and  Heasnres; 

The  metre,  equal  to  39-37043  inches,  and 
the  kilogramme,  equal  to  2*20462  pounds,  are 
the  only  standards  of  weight  and  measure  in 
France.  The  kilogramme  is  defined  as  the 
weight  of  a  cubic  decimetre  of  distilled  waten* 
at  its  maxinnim  density,  at  4*0°  C,  or  30*1°  F. 
It  is  legally  taken  to  be  2*20462125  pounds. 
The  gramme,  of  which  there  are  one  thousand 
in  the  kilojrramme,  is  the  unit  of  weight.  It 
is  the  weight  of  one  cubic  centimetre  of  w^ater 
under  the  conditions  above  detined,  ' 

The  metric  unit  of  capacity  is  the  litre, 
defined  as  equal  to  a  cubic  decimetr.e.  It  is 
equal  to  0*22009  gallon.  ' 

The  French  metric  system  has  been  com* 
palsorily  adopted  by  France  and  Belgium  in 
1801 ;  Holland  in  1819 ;  Greece  in  1836 ;  Italy 
and  Spain,  in  1859  ;  Portugal  in  1860—68 ; 
tfie  German  Smpire,  in  1872 ;  Oolombiay 
y^ne-^elai  in  1872.  The  system  is  established 
S  in  France  and  her  Colonies,  Belgium,  Holland 
and  her  CobnieB,  Germany,  Sweden,  Nor- 
way, Anstro-Hunigary,  Italy,  Spain,  Portn^I, 
Tttij^ey,  Boumaniav  Greece,  Brazil,  Oolambia, 
Uruguay,  Ecuador,.  Peru,  Chili,  the  Argentine 
Republic,  It  has'  been  made  legally  optional 
in  Great  Britain  autl  Ireland,  the  United 
States  of  North  America  and  Canada.  It  is 
^  admitted  in  principle,  or  partially  for  cus- 
toms, in  British  India,  Russia,  and  Venezuela. 
Switzerland,  in  1866,  legalised  the  foot  of 
three  decimetres  as  the  unit  of  length,  with 
a  decimal  scale ;  with  a  unit  of  weight|  the 
pound  of  500  grammes,  or  half  a  kilogramme, 
with  two  distinct  scales  of  multiples  and  parts, 
one  decimal,  the  other  on  the  old  system. 
Denmark  adopted  the  metric  system  80  far  as 
the  pound  of  500  grammes. 
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Table  47.— Fbsnch  Meabubes  of  Lbkoth. 

Metres.   English  Equivalents. 
1  millimefcre  ^    -OOl  s=  -OSeST  in.,  or  5^  in. 

nearly. 

10  millimetres    =1  centimetre  =    •01*  ='8937  inch.  - 
10  centimetres   s=l  decimetre   =    -1      3*98704  in.,  ot  4 

ins.  nearly. 

10  decimetres  )  ronQTA*- 
100  centimetres  [  =^1  UJSXBp  .       Irr  -[  0  0  I 

1000  millimetres )         .  1 3-2809  feet. 

10  metres  =1  decametre  =      10=    82-8087  feet. 

10  decametres  "  =1  hectometre       100=  |  1^9.3^98  yd?' 

r  3280-869  feet.i 
10  hectometres  =1kil0JiIETBE;=;  1000 t^  -  1093*628  yds. 

[  •62138mle. 

Id  kilometres     =1  mynametre=  10,0C0=s    6  21377  miles.. 
Table  48. — Fbench  Measubes  of  Subfaoe. 

dq.  UetreB,  English  Equivalents. 
1  sq.  millimefcre      -000001  -00155  sq.  in. 

^^mUli^etres}^  ^-  centimetre  .}       -0001   -155  sq.  in. 

100      square^  1       j    •     j.       1  ,  

ceutimetres.r  "'l- •/  15 -5003  sq.  ins. 

100  squared 

decimetres.  |  1  square  metre  or\  ^  /U>76-il  sq.  ft. 

10,000  square  r    centiare  .      ./  1 1 '1960  sq.  yds.. 

centim.etres.  j 

100     square!  I  sq.  decametre,Qr\  1076*41  sq.  ft. 

metres.      /    are  .      .      ./  ^  \  11 9*601  sq.  yds.- 

100      square)^  sq.  hectometre  Til  960-11  so  vds 

A^X^^^  r  hectare,  or  V  10,000-1  i  ;^?;  ^^^^-y^^' 
decametres,  j   ^^tricaUcre  ./        '     \  2-4711  acres. 

100     squared      jjion^etre     i  1 000  ooo/^'l^^^'^^^-^^^i-:^^^^- 
hectometres./^      KUometre    .  j-  1.00U,000|,3j^^j^  ^^^^^ 

^^kilomltrJl}^  inynamet're.|l0b,000,000=38-ailsq.mileB 

Land  is  measnred  in  terms  of  the  centiare,  the  are,  and  the 
hectare. 

Wood  (Franoe). 

The  large  pieces  <d  timber,  cut  from  the  trees,  are  of  the 
following  ormnary  squared  sizes. 

Metre.  Inches* 
Oak  -10  to -30    3-1)4  to  11-$ 

gAaU  stowage  (i^M  ^•I'MfMi^)  •  r  -di^to^^  U*^to  i5-7 
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Large  stowage  (^Oros  arrimafti)'. 
Fir 

do.  beams 
do»  large,  wood  . 


Metre.  Inches. 

•40  to  -00  15-7  to  28-(> 

•18  to  -27  7-1  to  10-6 

•27  to  -36  10-r>  to  14-2 

•36  to  'QO  14-2  to 


TAiaiLE  49.^0ak  Scantli»€^s  xmt  Coi^mebcial  User 

(Feance). 


Descriptioti. 


Width. 


Ecl^antillon  ) 
'  -^^tteiniple)  f 
llembrure  ( 
(fnirae)  I 
Doublette  \ 
(principal)  / 
Grand 
taut  (large  ' 
doorframe) 
Petit  Bat-^ 
tant  (small  \ 
doorframe)  j 
Entrt'vous  ^! 
(l)etwc(?n  / 

joists)  ) ; 
(3fecvTon  ) 


Miili- 

rtietres. 

25 
1G7 
333 

333 
25 

25 

83 

1()7 


Inches. 

6-57 
1193 

11*93, 
*98 

•98 

5-  27 

6-  57 


Thickness. 


Meiiibrette  .  j 

Panneftu     \  i-jnj  to  243  8-51  to  9  57 
(panel)  f  i  i 

Volige  (thill  \       ^  243  8-51  to  Q 
plank)  j  j 

210  to  243  8-51  to  9-57 


Feuillet  ^ 
(edge  of  ]' 


Milli. 

metres. 

42 

S3 
03 

12(5 
S3 

2S 

83 
56 


Inches.  Metres. 
1*65  |l-&to4 


3*27 


2  '4S    |2'5  to  4 
4tuU 


4*90 
3-27 


8*27 
2-20 


•20  to  22j-70  to.*S7 
13  to  16  -dl  to -SO 

Gto7  '24  to -38 


Length. 


2  to  4 


3toti 


1-10  l-etbi 


2  to  4 

1-5  to  4 

2  to  4 

2to4 
2to4 


T 


Feet. 
4*9  13*2 

6-6  to  18-2 

8*2  to  13*2 

131  to  i9-7 
««8  to  19*7 

4-9  to  13-2' 

«*6  to  18-2 

to  13-2 
0*0  to  13*2 

6-6  to  18  2 
6*6  to  18-2 


FiII'SpaN-i  LINOS. 


Madrior  ^ 
Q)lank- 1 
principal  j 
piece)  J 
Petit  \ 
-  Madrier  1^ 
(.smaller  j' 

rianche 


220 


220 


600 

800 
S-OOor  12*00 


SO 

04 
27 


3*15 

2-13 
100 
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Tablb  50.*— Fbekch  Measures  of  Volume. 

Cubic  Measure. 

Cubic  ^Ictres. 

1000    cubical  cubic  cciitM 
mmimetiea./   metre       ,}  ^^001 
1000    cubicll  cubic  deciO.^., 
centimetires.  /   metre  ./ 
1000    cubic  \,  ^  , 

decimetew  ./^  ^"^^^  "^^^^^  1 
1000    cubic\l  cubic  deca.\, 
metres    ./   metre.  ./^»"^^ 

Pirowood  Measure  (French). 

Cubic  Metres. 
l(le(  is(ero       .  O'l    3  532  cubic  feet. 
/  1  St  ere  (cubic  1, 
*\      metre).  ./^ 
2  ^iteres      .    .  2 
1  vois  de  cliarbon  ^         . . 

(charcoalj       ./  ^  ^  ^^^''^  '      '  ^'^ 
1  corde    .       .    .    4  steres      .    .  4 

1  decasttjre  .       .  lU  uteres  .       .  10 

The  st^re  measures  1-14  metres  x  0*88  metre,  by  1  metre, 
the  billets  bciug  1*14  metres  in  length. 


English  Equivalents. 
'000061  cubic  inch, 

'061025  cubic  inch. 

/61-02524  cubic  ins. 
I  -03531 5t;  cul)ic  ft. 
/  3r)'8156  cubic  feet. 
.  \  r3U8  cubic  yards. 

1308  cubic  yards. 


10  decistkes 

1  vois  (Paris) 


S6'8166  cubic  feet. 
70*6312  cubic  feet 
7-068  cubic  feet. 


141-2024 
358-15(5 


10  centilitres 

10  decilitres 

10  litres 
10  d^littes 

10  litres  , 
10  decalitres 


•{ 


Liquid  Measure. 

Litres. 

1  centilitre  ^ 
10  cubic  centi- : 
metres  .  .J 

1  decilitre   >   .  0*1 

1  LITBB  \ 

(I  cubic '  deci 

metre)  « 
1  decalitre 


f  •01025  cubic  inch. 
^H*07U4  gUl. 


10 

1  hectolitre.  .100 

Dry  Measure. 

1  decalitre      .  10 

1  hectolitre  «  .  100 


64025  cubic  inches. 
1761  pint. 

/  01 -02524  cubic  ins. 
V^i^Ol  gidlon. 

2*2009  gallons. 
22-009  gallons. 

2-2009  gallons. 
'22-009  gallons. 


/  22-009 
\2-7oll 


bushel 


s. 


10  hectolitres 


•  f  l  kilolitre.       .\,.w^,-j/220-09  gallons. 
•  t(l  cubic  metre) /*"^\27-511  bushels. 
The  use  of  measures  equal  to  a  don  hi  a -lit  re,  a  half -lit  re^  a 
dotiblc-decditref  a  luLlf-dicilUrc^  is  sanctioned  by  law. 
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Table  51. — Fkjsnch  Meagukes  op  Weight. 

Gramnios.    Enpflisli  Equivaleuts. 
1  millif^ramme  .  "0154  grain. 

10  milligrammes  .  1  centigramme.     '01  •]. 543  grain. 
10  centigrammes  .  1  decigramme  .  0*1     1*5432  grains. 

10 dedgrammes  -{[S weight)}^  grains. 


10  giammes  • 
10  d^caemimmes. 


1  decafframme  "10   I  ^  ''^ '^'^^^ 
laecagramme.  au    \  B527  oimce. 


1  hectogramme  100  j^..^-^ 

10  hectogrammes.  1  kilo(;ramme  1000  2*2010  pounds. 
100  kilogrammes  .  1  metric  (quintal  220*4i>21  pounds.  " 

.  ,  1  ^ .,v  •  f2204-(>2 12  pounds. 

0  quintals,  or     11    milber,    or        J  is-fisa  cwts. 
1000  kilogrammes /   tonne  .      .         I  .gg^2  ton 

Table  '}2. — Millimetres  in  Lineal  Inches. 


Milli- 
metres. 

1 
1 
1 

luohes. 

Milli- 
metres. . 

Inches. 

1 

Milli- 

metres. , 

1 

Inches. 

Milli- 

inctreR. , 
1 

Inches. 

■ 

1 

i 

•0394 

26  1 

10236 

, 

51  ^ 

2-0079 

76  J 

"  . 

—  — 
2-9922 

2 

1 

•0787 

27  1 

1-0630 

52 

20473 

3-0315 

8 

1 

'1181 

28 

M024 

58 

2-0860 

3-0709 

4 

J 

•ir>75 

29  ; 

80  - 

M4I7 

r 

68 

2-1200 

79 

3-1103 

5 

1 
1 

•1968 

1'1811 

2*1  6d4 

80  1 

3*1496 

6 

I 

•2362 

81 

1-2205 

56 

2-2047 

81 

3-1890 

7 

•2756 

32 

1-2598 

57 

2-2441 

82  ' 

3-2284 

8 

•3150 

33 

1-2992 

58 

2-2835 

83  1 

3-2677 

9 

•3548 

34 

1-3386 

59  , 

2-8228 

84 

8-8071 

10 

•39B7 

35 

1-3780 

60 

2-8022 

85 

8-8405 

11 

f 

•4331 

36 

1-4178 

61 

2-l01() 

86 

8-8859 

12 

•4724 

37 

l-45t;7 

62 

2-4410 

87 

8-4252 

13 

Mils 

38 

63 

2-4803 

88 

8-4040 

14 

•:)5i2 

39 

i'r)8r>4 

64 

2-5197 

89 

3-5040 

15 

•5906 

40 

,  1-5748 

65 

2-5591 

90 

8-5488 

16 

) 

s;299 

41 

1-(U42 

66 

2-5984 

91 

3-5827 

17 

•(itiUS 

42 

'  i-ri58r) 

67 

2-0878 

92 

3-0221 

18 

•7087 

43 

1-0920 

68 

2-0772 

93 

8-0014 

19 

•7480 

44 

1-7828 

69 

2-7100 

94 

8-7008 

20 

1 

•7874 

45 

1-7717 

70 

2-7559 

95 

3-7402 

21 

I 

'82f;8 

46 

'  1-8110 

71 

2-7958 

96 

8-7790 

22 

1 

•8061 

47 

1-8504 

72 

2-8847 

97 

3-8189 

23 

•0055 

48 

1  1-8898 

73 

2-874() 

98 

8-8588 

24 

1 

•0449 

49 

1-9291 

74 

2-9  i:m 

99 

8-S977 

25 

1 

•9843 

50 

1  1*9685 

75 

2-9528 

100 

i  3-9370 
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Table  52. — Millimetres  in  Lineal  Incues  [eoiUnun  j 


Milli- 
metres. 

— ^ —  ■ 

Milli- 
metres. 

MilU- 
luetres. 

1 

Milli- 
metres. 

XUwIltMt 

101 

143 

5-(>300 

185 

7*2835 

227 

—  

8*937] 

108 

4-0158 

144 

5-6693 

m  A^% 

186 

7*3229 

228 

8*970i 

103 

4-0o52 

145 

5-7087 

187 

7-3623 

AAA 

829 

9015{ 

104 

4*0945 

146 

5-7481 

188 

7-4016 

AAA 

280 

9-0555 

105 

4-1339 

147 

5-7874 

189 

7-4410 

231 

9*094( 

<•  AA 

106 

4-1733 

148 

5-8268 

190 

7-4804 

282 

9*1831 

4  AM 

107 

4-2120 

4  ^A 

149 

5-8662 

191 

7-5198 

233 

9*1732 

4  AA 

108 

4*2620 

150 

5-9056 

4  A  A 

192 

7-5591 

234 

9*212^ 

•  AA 

100 

4-2914 

151 

5-9449 

193 

7-5985 

235 

9*2521 

4  4  A 

110 

4*330/ 

4  C  A 

152 

5-9843 

194 

7-6379 

AAA 

236 

9*2914 

4  4  4 
111 

4*3701 

153 

6-0237 

195 

7-6772 

237 

9*330f 

112 

4*409.) 

154 

6-0630 

196 

7-7166 

238 

9*3702 

113 

4-4489 

4  iP 

155 

6-1024 

A  AM 

197 

7*7560 

^^^^^^ 

239 

9*4093 

114 

4*4882 

156 

6-1418 

198 

7*79o4 

240 

9*448£ 

115 

4-o27() 

157 

6-1812 

199 

7*8347 

241 

9*488S 

116 

4'o6/0 

158 

6*220o 

AA/\ 

200 

7-8741 

242 

9*5277 

117 

4-b0r)3 

^   f  A 

159 

6*2o99 

A  A  4 

201 

7*9135 

243 

9-567C 

118 

4*(»45/ 

160 

0*2993 

202 

7-9528 

244 

9-6064 

119 

4-6851 

161 

0*3380 

A  A 

203 

7*9922 

245 

9-6458 

120 

4-7245 

162 

(;-3780 

204 

8  0316 

246 

9*0851 

121 

4*7038 

163 

0-4174 

205 

8-0709 

247 

9*7215 

122 

4  *8082 

164 

0*4508 

206 

8*1103 

248 

9-7O30 

123 

4*8420 

165 

0-4901 

207 

8*1497 

249 

9*8032 

124 

4*8819 

4  AA 

166 

0*5355 

208 

8-1891 

250 

9-8 12n 

125 

4*9213 

167 

0*5749 

209 

8-2284 

251 

9-882C 

126 

4*9007 

168 

0*0142 

210 

8-2678 

252 

9-9214 

127 

0*0000 

169 

0*0530 

211 

8-3072 

253 

9-9007 

128 

5*0394 

«  MA 

170 

0*0930 

212 

8-3405 

254 

IU-0(K)1 

129 

5*0788 

171 

0*v323 

213 

8*3859 

255 

10-039:; 

130 

5-1182 

172 

(;*7717 

214 

8*4253 

256 

1()-U7SS 

131 

5*1575 

173 

0*8111 

215 

8*4040 

257 

10-1182 

132 

0*1909 

174 

0*8oO.) 

216 

8*5040 

258 

10-157(' 

133 

0*2303 

175 

0*8898 

217 

8-5434 

259 

10-1 97( 

134 

o*27o0 

176 

0*9292 

218 

8-5828 

260 

io-23o:^ 

135 

5*31  oO 

177 

0-908r) 

219 

8-0221 

261 

10-2757 

136 

5*.^)M 

178 

7*(M)79 

220 

8-0015 

262 

10*3151 

137 

5-3938 

4  MA 

179 

7*0173 

A  A  4 

221 

8-7009 

4^  A  A 

263 

10-3541 

138 

5-4331 

180 

7-0807 

222 

8' 7402 

264 

10-393^: 

.)  4  /  Ji) 

1  Q1 

lol 

t  12()  I 

b  t  /9o 

OCR 

Ilk.  1  •>  OO 

10  4.)oi 

140 

5*5119 

182 

7*1054 

224 

8-8190 

266 

10-472." 

141 

5*5512 

183 

7-2048 

225 

8*858  1 

267 

10-5111 

142 

i  5-5900 

184 

7*2442 

226 

8*897/ 

268 

lO'5:»i:i 

48 
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iBLE  52.— MiLLIHETBBS  IK  Ll^EAL  IHOSBS  (eoutinued). 


Milli- 
aetres. 

1 

I 

1  Inches. 

MflllJ 
■iniiii* 

metres. 

Inches. 

jniiu*' 
metres. 

Inches. 

Milli- 
metres. 

Inches. 

269 

;JO-r)yo7 

311 

12-2442 

353 

13-8978 

395 

15-5513 

270 

io-(;80o 

312 

i2-28:jr> 

354 

13-9371 

396 

15-5907 

271 

lO-(i(il)4 

313 

12-322i> 

355 

13-9705 

397 

15-0300 

272 

10-7088 

314 

12-3028 

356 

14-0159 

398 

15-0094 

273 

10-7481 

315 

12-4017 

357 

14-0552 

399 

15-7088 

274 

10-7875 

316 

12-4410 

358 

14-0940 

400 

15-7482 

275 

10-8209 

317 

12-4804 

359 

14-1340 

401 

15-7875 

276 

lo-s(;i;;j 

318 

12 -5 198 

360 

14-1733 

402 

15-8209 

277 

io-i)o:>i; 

319 

12-5592 

361 

14-2127 

403 

15-8003 

278 

io-y4:>o 

320 

12-5985 

362 

14-2521 

404 

15-9050 

279 

10-0844 

321 

12-r»379 

363 

14-2915 

405 

15-9450 

280 

11-0237 

322 

12-0773 

364 

14-3308 

406 

15-9844 

281  ' 

ii-(j;i(;i 

323 

12-710(; 

365 

14-3702 

407 

10-0238 

282  1 

11 -102:) 

324 

12-7500 

366 

14-4090 

408 

10-0031 

283 

11-1411) 

325 

12-7951 

367 

14-4489 

409 

10-1025 

284 

11-1812 

326 

12-8348 

368 

14-4883 

410 

10-1419 

£85 

ii-22()n 

327 

12-8741 

369 

14-5277 

411 

10-1812 

286 

11-2000 

328 

12-9135 

370 

14-5070 

412 

10-2200 

287 

11-291)3 

329 

12-9529 

371 

i4-i;()i;i 

413 

10-2600 

288 

11-3387 

330 

12-9922 

372 

14'(;-158 

414 

16-2993 

289 

11-3781 

331 

13-0310 

373 

14-0S52 

415 

10-3387 

290 

11-4174 

332 

13-0710 

374 

14-7245 

416 

10-3781 

291 

11-4568 

333 

13-1103 

375 

14-7039 

417 

16-4175 

292 

11-4962 

334 

131497 

376 

14-8033 

418 

10-4508 

293 

11-5356 

335 

13-1891 

377 

14-8420 

419 

10-4902 

294 

11-5749 

836 

13-2285 

378 

14-8820 

420 

10-5356 

295 

11-6143 

887 

13-2078 

379 

14-9214 

421 

16-5749 

296 

n-6537 

888 

13-3072 

380 

14-9608 

422 

16-0143 

297 

11-6930 

889 

13-3400 

381 

16-0001 

423 

16-6537 

298 

11-7824 

840 

18-3859 

382 

15*0395 

424 

16-0930 

299 

11-7718 

841 

13-4253 

888 

16-0789 

425 

16-7324 

300 

11-8111 

842 

13-4647 

884 

15-U82 

426 

16-7718 

301 

11-8505 

843 

13*5040 

385 

15-1570 

427 

16*8112 

302 

11-8899 

814 

13-5434 

886 

16-1970 

428 

16*8505 

808 

11-9292 

845 

13-5828 

887 

16*2363 

429 

16-8899 

804 

11-9686 

846 

18-6222 

888 

15-2757 

480 

16-9298 

805 

12-0080 

847 

13*6615 

889 

15-8151 

481 

16-9686 

306 

120478 

848 

18-7009 

890 

16-8545 

482 

17*0080 

307 

12-0867 

849 

18-7408 

891 

15*8938 

488 

17-0*74 

308 

12-1201 

850 

13-7790 

892 

15*4332 

434; 

17-0868 

309 

12-105-) 

351 

13-8190 

898 

15*4726 

435 

17-126J 

810 

12-2048 

852 

13-8584 

894 

15*5119 

486 

17-1655 

• 
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Table  52. — ^ruxiMi/rREs  in  Lineal  Inches  (continued). 


j 

Milli-  j 
metres.  * 

 1 

Inches. 

Milli- 
metres 

Incbos. 

Milli- 
metres. 

Inclies. 

Milli- 
metres. 

Inches. 

437  1 

17-2019 

456 

i7-yr>29 

476 

18-700'.) 

494 

19-4490 

438  , 

L  7-2442 

467 

17-9923 

476 

18-7403 

495 

10-4888 

439  . 

17-2836 

458 

18-031(; 

477 

18-7797 

496 

19-;)277 

440  1 

17-3230 

459 

18-0710 

478 

18-8191 

497 

19-5671 

441  , 

17-3623 

460 

18-1104 

479 

18-8584 

498 

19-6065 

442  1 

17-4017 

461 

18-1498 

480 

18-8978 

499 

19-6458 

443  117-4411 

462 

18-1891 

481 

18-9372 

500 

19-6852 

444  ;  17-4805 

463 

18-2285 

482 

18-9765 

650 

21-6537 

445 
446 

17^5198 
17-5592 

464 

16*2679 

483 

If9*0159 

600 

28-6228 

465 

16W72 

19-0563 

660 

25-6908 

447 

17-6986 

466 

18^6 

486- 

19*0946 

TOO 

•27^693 

448 

17-6379 

467 

18-3860 

486 

19-1340 

760 

29-5278 

449 

17*677:^ 

468 

18-4253 

487 

19-1734 

800 

31-4963 

460 

17-7167 

469 

18-4647 

488 

119-2128 

860 

33-4649 

453. 

17-7B61 

470 

18-5041 

489 

19*2521 

900 

35-4884 

462 

17-7954 

471 

18-5485 

490 

19-2915 

960 

374019 

46a 

17-8850 

472 

18-5838 

491 

19-3909 

1000 

39-8704 

464. 

17-8742 

473 

18-622S 

492 

19-3702 

=i  1 

466- 

17-913r> 

474  Il8-66r> 

493 

19-4096 

metre. 

By  means  of  the  above  Table,  and  the  followin.ef  Table  53, 
the  equivalent  values  of  inches  in  centimetres  and  decimetres, 
and  even  in  metres,  may  be  found  by  simply  alterino^  the 
position  of  the  decimal  point.  Take  for  example  the  tabular 
value  of  2  millimetres,  Tiible  '2,  and  shift  the  decimal  point 
successively,  by  one  digit,  towards  the  right-hand  side  ;  the 
values  of  two  centimetres,  two  decimetres,  and  two  metres  are 
thereby  expressed  la  inches,  as  iioUows : — 

2  millimetres  -0787  inches. 

2  centimetres   0-787  „ 

2  decimetres  .....     7-87  „ 

2  metres      .  .       .       .       .    .  78*7  „ 

At  the  same  time,  it  appears  that,  by  selectijic:  the  tabular 
value  of  20  millimetres,  the  value  of  its  multiples  are  given 
more  accuratelj,  thus,—  . 

20  millimetres,  or  2  centimetres     '.     0*7874  inches, 

2  decimetres .       .  '    .       .       .    .  7-874 

2  metres   78*74  „ 
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Again : — 

200  miUimetieB,  or  2  decimetres      =    7*8741  inches 
2  metres  s    78*741  „ 

Similarly,  for  example  : — 

*32in(Hi  Si      8-128  millimetires. 
8-2    „     =     81-28  „ 

3^  V    «     -  \     -8128  metre.  - 

Like  functional  expansions  of  the  following  tables  of  rela- 
tive French  and  English  mi  asures  and  weight,  are  available 
for  practice  :  greatly  extending  the  utility  of  the  tables. 

Table  53.^DBoacAL  Fbaotions  of  a  Luteal  Ikoh  i^r 

MlLLIHETBEB. 


1 

1 

Mmi- 

■ 

MiUi- 
inetreB. 

XliCJlc 

HUU- 
metrdft. 

HilU- 
metfes. 

•01 

•29 

7*3()r) 



•57 

14-178 

•86 

21-590 

•02 

•508 

•30 

7-(>20 

•58 

14-732 

•86 

21-844 

•03 

•7<)2 

•31 

7-874 

•69 

14*980 

•87 

22*098 

•04 

I'OK) 

•32 

8-128 

•60 

1;)*240 

•88 

22*352 

•06 

1*2/0 

•33 

8 -38  2 

•61 

li)*494 

A/\ 

•89 

22*()0() 

•06 

l*i)24 

A  A 

•34 

8-()3(; 

•62 

15-748 

•90 

22*8GO 

•07 

1      1^  mm  ^ 

r/78 

•36 

8-81)0 

•63 

l(rO02 

•91 

23114 

-08 

2  •032 

•36 

1)-144 

•64 

1    y  ft           ^  t% 

1(>-2j)0 

•92 

23-3(;8 

•09 

2*28(> 

•o7 

1  i  -  ♦  >  /  i  L*  > 

y-.U).s 

•65 

1 0-i)10 

•93 

23-(;22 

•10 

2-540 

•38 

y-(>52 

•66 

i(;*7()4 

•94 

23-870 

•11 

2-71)4 

•39 

9^90»; 

-67 

17-018 

•95 

24-130 

•12 

3-048 

•40 

io^i(;o 

•68 

1 7-272 

•96 

24*384 

•13 

3-302 

•41 

10^114 

•69 

17*526 

•97 

24-038 

•14 

3 -:>.■>() 

•42 

io-(;(>8 

•70 

17*780 

•98 

24-892 

•15 

3-810 

43 

10-022 

•71 

18*034 

-99 

25-140 

•16 

4-o<;4 

•44 

1M7«; 

•72 

18*288 

100 

25^400 

•17 

4-318 

•45 

11-430 

•73 

18-542 

200 

50^799 

•18 

4-572 

•46 

ii-f;s4 

•74 

18-79(> 

300 

70-199 

•19 

4-82() 

•47 

11-038 

■75 

19-050 

400 

101-598 

20 

5-080 

•48 

12-102 

•76 

1 9-304 

5  00 

120-998 

21 

5-334 

•49 

12-44(; 

•77 

1 9*558 

6  00 

152-397 

•22 

5^588 

•60 

12*700 

•78 

19-812 

700 

177-797 

•23 

5-842 

•61 

12^954 

•n 

20-01)0 

8-00 

203-190 

24 

(VOOf*) 

•62 

13-208 

•80  . 

20-320 

900  ,228-596 

26 

r)-3:)0 

•53 

13-4(;2 

•81  , 

20-574 

10-00  ! 

253-995 

26 

r>'(;o4 

•64 

13-710 

-82 

20*828 

1100 

279-395 

•27 

()-S5S 

•66 

13-070 

•83 

•21-082 

=  1  foot  J  1 

•28 

7-112 

•66  1 

14-224 

•84  1 

21 -330 

..ly  . 
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TAUB  Uf^YmAiAR  FBA0TIOH8  OF  A  JjOSfl&Ah   INOH  IN 


MlLLIUETB^Sj, 


Eiishtbs  ofi  A 
an  Inch. 
 i-l  

au  Inch. 

Millimetres. 

1  •   f  8*176 

2  '  6*350 
8     ,  9*52& 

4 

a 

12-700 
ia-875 

±tir  vv\f 

7 
8 

• 

22-225 
25-400 

Twelfths  '  Ti»«ifcu-jk4A,„ 
of  anluplij  MlUftheWts. 

Twelfths 
pf  au  I^ch. 

1 

2 
8 
4 

2-117 
4-238 
6-850  • 
8*466 

6 
7 

8  ' 

•  10^583 
12*700 
14-816 

.  16-933 

9 
10 
11 
12 

1  19-050 
2M(>() 

!    23-283  , 
25-400 

Sixteentlis 
of  aiiluch. 

Milliimifcs. 

cifanluch.;,^'^"^®*^®- 

Sixteentlis 
of  an  Inch. 

Millimetres^ 

1 

3 

0 

1*8  7  ^  ^ 
4-762 

4  Vol 



^    7^^  '*  11-112 
9  14-287 
11  17-462 

13 
15 

20-637 
23-812 

Thirty- 
seconds  of 
au  Inch. 

Milliiue^eH. 

Thirty- 
Sf  cunds  uf 
au  Inch. 

• 

MiUimeties. 

Thirty- 

:ieconds  of 
au  iuch. 

* 

i  iMillimetrts. 

; 

19-843  . 
21-481  ; 
28  018  : 
24-606  i 

t 

1 
3 
5 
7 
1> 

11  , 

0-794 

2-  381 

3-  %0 
5'55() 

7-  144 

8-  731 

18  :  10-819 
15     ;  11-906 
17     :  13-493 

19  <  1BH)81 

21  U'Qi]H 
23     ;  18-25(; 

25 
27 
29 
81 

fourth^  oi 

Milliinetit^, 

Sixty.    }  ' 
fourtli^  ofi  Millimetres, 
an  IriclL  | ' 

Si\tv. 
foui  thy  of 
an  Inch. 

M  illiuietres. 

1 

8 
5 
7 
i) 
11 
13 
15 

ID 
21 

^  ()-8i>7 

'  i-im 

1-  984 

2-  778 

3-  572 

4-  36(; 
•  5-159 
.  5-953 

(r747 

7-  540 

8-  334 

23 
25  • 
27 
29 
31^ 

33  . 
35  1 
37  I 
31)  . 
41  1 
43  1 

9-128 
9-922 

10-  715 

11-  509 

12-  30;', 

13-  097 

13-  81H) 

14-  (;84 

15-  478 
lfI-272 
17-0(55 

45" 

47 

49 

51 

53 

;>;) 

57 
59 
(U 
(>3 

17-859 
18'(;53 

19-  447 

20-  240 

21-  034 

21-  828 

22-  ()21 

23-  415 

24-  209 
25003 

.  kj  IliLlijj  Google 


lo2 
Tablk 


Metrks  tx  T.inkal  Feet  and  in  Yards. 


Metres. 

Feet. 

1 

3-2809 

2 

6-r>(U8 

3 

9-8127 

4 

13-123H 

5 

KMOlf) 

6 

19-6854 

7 

8 

2()-2472 

9 

\  29-5281 

10 

82-8090 

11 

3G-0899 

12 

89-8708 

13 

42-6517 

14 

45-9826 

15 

49-2185 

16 

52-4941 

17 

55*7758 

18 

59-05(;2 

19 

62;>87l 

20 

65-6lS() 

21 

68-8<)89 

22 

72-1798 

23 

75-4<;()7 

24 

78-7416 

25 

82-0225 

26 

85-8034 

27 

88-5843 

28 

91-8652 

29 

95*1461 

80 

98-4270 

81 

101-7079 

82 

104-9888 

8S 

108-2697 

84 

111-5506 

85 

114-8315 

88 

118-1124 

87 

121-3983 

88 

124-6742 

89 

127-9551 

40 

131-2360 

41 

134-5169 

42 

137-7978 

43 

141*0787 

1-  0986 

2-  1872 
8-2809 

4-  3745 

5-  4681 

6-  5617 

7-  6553 

8-  7490 

9-  8426 
10-9362 
12-0298 
18-1234 

14-  2171 

15-  8107 

16-  1048 

17-  4979 

18-  5915 
19*6852 
2l)-7788 
21-8724 
28-96(iO 

24-  0596 

25-  1533 

26-  2469 

27-  3405 

28-  4341 

29-  5277 

30-  6214 

31-  7150 

32-  8086 

33-  9022 

34-  9958 

36-  0895 

37-  1831 

38-  2767 

39-  3703 

40-  4639 

41-  5576 

42-  6512 

43-  7448 

44-  8384 

45-  9320 
47-0257 


I 


Metres. 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
66 
67 
58 
59 
60 
61 
62 
88 
84 

66  ; 
68  I 
67 
68 
69 
70 
71 
72 
78 
74 
76 
76 

77  I 
78 

79 
80 

81  I 

82  ( 

83  , 
84 

85  , 
86 


Feet. 


Yards. 


I 


.•I 


144-8596 
147-6105 
150-9214 
154-2023 
157-4832 
160-7641 
164-0450 
167-3259 
1 70-6068 
178-8877 
177-1686 
180-4495 
183-7804 
187-0118 
190-2922 
193-5731 
196-8540 
200-1349 
203-4158 
206-6967 
209*9776 
213-2585 
216-5394 
219-8203 
233-1012 
2)6-3821 
2)9-6630 
232-9439 
236-2248 
239-5057 
242-7866 
246-0675 
249-3484 
252-6298 
255-9102 
2591911 
262-4720 
265-7529 
269-0338 
272-3147 
275-5956 
278-8765 
282*1574 


48-  1193 

49-  2129 

50-  8065 

51-  4001 

52-  4938 

53-  5874 

54-  6810 
55*7746 

56-  8682 

57-  9619 

59-  0555 

60-  1491 

61-  2427 

62- 3363 

63-  4300 
64*5236 

65-  6172 

66-  7108 

67- 8044 

68-  8981 

69-  9917 

71-  0853 

72-  1789 

73-  2725 

74-  3662 

75-  4598 

76-  5534 

77-  64,7^ 

78-  7406 

79-  8343 

80-  9279 

82-  0215 

83-  1151 
84*2087 

85-  3024 

86-  3960 

87-  4896 
88*5832 

89-  6768 

90-  7705 

91-  8641 

92-  9577 
94*0513 


I 
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Table  55.— Metres  in  Lineal  Feet  and  in  Yabds 


MetreH. 

Feet. 

Yards. 

Metres. 



j 

Feet.  ' 

Yards. 

—       —  — 

87 

— _ —  - — 
2854383 



95-1449 

94 

3US-404I)  , 

102-8003 

88 

288-71«J2 

96-238»> 

95 

311-()855  1 

103-8939 

89 

292-0001 

97-3322 

96 

314-9a(>4  I 

104-9875 

90 

295-2810 

98-4258 

97 

318-2473  1 

lOli-0811 

91 

298-5619 

99-5194 

98 

321-5282 

107-1748 

92 

301*8428 

100-0130 

99 

324-8091 

108-2084 

93 

305-1237 

101-7()(;7 

100 

328-0000  ' 

]()9-3G20 

Table  50.— Li^jeal  Feet  in  Metues. 


jfeeiL 

1  Mewe^i 

ireeti. 

1 

•3048 

2fi 

7-9248 

51 

15*5448 

76 

23-1048 

o 

27 

8*2296 

52 

15-8490 

77 

23-4090 

• 

o 

•9144 

28 

8*5344 

53 

10*1544 

78 

23-7744 

4 

1  -2 1 92 

29 

8-8392 

54 

10*4592 

79 

24-0792 

5 

1-5240 

30 

9*1440 

55 

10*7040 

80 

24-3840 

6 

1-8288 

ol 

\1  'i'tOO 

Ob 

i  1  vUOO 

ox 

_      w  O  t~  O 

7 

2-133(; 

32 

9*7536 

57 

1 7*3736 

82 

24-9930 

8 

2-4384 

33 

10-0584 

58 

17-0784 

83 

25-2984 

9 

2-7432 

34 

10-3(132 

59 

17*9832 

84 

25-0032 

10 

3-0480 

35 

10-()()80 

60 

18*2880 

85 

25-9080 

11 

3-3528 

36 

10*9728 

61 

18*5928 

86 

•20-2128 

12 

3-057(> 

37 

11-2770 

62 

18-897(i 

87 

20-5171; 

13 

3-9024 

38 

1 1-582-1 

63 

19-2024 

88 

2(;-8224 

14 

4-2072 

39 

11-8^^72 

64 

19-5072 

89 

27-1272 

15 

4-5720 

40 

12-1920 

65 

19-8120 

90 

27-i;i2i) 

16 

4-8708 

41 

12-4908 

66 

20-1108 

91 

27-7308 

17 

5-1810 

42 

12-8016 

67 

20-421() 

92 

28-0410 

18 

5-4804 

43 

13-1  U(;4 

68 

20-7204 

93 

28-3404 

19 

5-7912 

44 

13-4112 

69 

21-0312 

94 

28-0512 

20 

6-0900 

45 

13-7100 

70 

21-3300 

95 

28-9500 

21 

0-4008 

46 

14-0208 

71 

21-0408 

96 

29-2(H)8 

22 

6-70.-(; 

47 

14-3250 

72 

21-9450 

97 

29-5(;50 

23 

7-0104 

48 

14-0304 

73 

22-2504 

98 

29-8704 

24 

7-3152 

49 

14-9352 

74 

22-5552 

99 

30-1752 

25 

7-020O 

50 

15-2400 

.75 

22-8000 

100 

30-4800 
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Table  57.— Lineal  Yakds  tx  Metres. 


Yurd.s. 

Metres. 

 — ■ 

Yards. 

Metres* 

Yards. 

Metres. 

—  — 

Yaids. 

Metres* 

> 



1  1 

•1)144 

■- 

26 

 . — 

23-7741 

- 

51 

4()-0339 

76 

09-4936 

2 

1-8288 

27 

24-(>885 

52 

47-5483 

77 

70-4080 

^  i 

2-7482 

28 

25-(;029 

53 

48-4027 

78 

71-3224 

4 

3-G57() 

29  : 

2<;-5173 

54 

49-3771 

79 

^2-2308 

5 

4-5710 

30 

27-4317 

55 

50-2914 

80 

/3-lol2 

6 

5-48(13 

31 

28-3401 

56 

51-2058 

81 

74-00. )0 

7 

G-40U7 

32 

29-2005 

57 

52-1202 

82 

/4-9b00 

8 

7-3151 

33 

30-1749 

58 

53-034(^) 

83 

75-8944 

9 

8-221)5 

34 

31-08*13 

59 

53-9490 

84 

70-8088 

10 

1)-1431> 

35 

32-0031 ; 

60 

54-8(;31 

85 

77-7231 

11 

10-0583 

36 

32-9180 

61 

55-7778 

86 

78-0375 

12 

10-9727 

37 

33-8321 

62 

50-0922 

87 

79-5519 

13 

11-8871 

38 

B4-7488 

63 

57-0000 

88 

80-4003 

14 

12-8015 

39 

35-0()12 

64 

58-5210 

89 

81-3807 

15 

13-7158 

40 

30-575() 

65 

59-4353 

90 

82-2951 

16 

14-(i3()2 

41 

37-4900 

66 

00-3497 

91 

83-2095 

17 

15*544(> 

42 

38-4044 

67 

01-2041 

92 

84-12:^9 

18 

!ir)-4590 

43 

|39-31S8 

68 

02-1785 

93 

85-03S3 

19 

i  17-3734 

44 

j40-2332 

69 

03-0929 

94 

85-9527 

20 

'18-2878 

45 

41-1475 

70 

04-0073 

95 

80-8(;70 

21 

19*2022 

46 

,42-0(>19 

71 

04-9217 

96 

87-7814 

22 

20-1  Hi() 

47 

42'97(;3 

72 

05-83()l 

97 

88-0958 

23 

21-0310 

48 

43-8907 

73 

00-7505 

98 

89-0102 

24 

21-9454 

49 

44-8051 

74 

07-0049 

99 

90-5240 

25 

22-8000 

50 

45-7195 

75 

()8*5792 

100 

91-4390 

Table  58. — Kilo^bammes  in  Pounds. 


I 

Kilos.  1 

Poonds. 

Kilos.| 

Pounds. 

Kilos.  1 

Pounds. 

Kilos.  1 

Poonds.. 

1 

2-2046 

13 

28-0001 

25  I 

55-1155 

37 

81-5710 

2 

4-4092 

14 

30-8047 

26  1 

57-3201 

38 

83-7750 

3 

6-6139 

15 

33-0093 

27  ' 

59-5248 

S9 

85-9802 

4 

8-8185 

16 

35-2739 

28 

01-7294 

40 

88-1848 

5 

11-0231 

17 

37-4780 

29 

03-9340 

41 

90-3895 

6 

13-2277 

18 

39-0832 

30 

00-1380 

42 

92-5941 

7 

15-4323 

19 

41-8878 

31 

0>8-3433 

43 

94-7987 

8 

17-0370 

20 

44-01)24 

32 

70-5479 

44 

97-0033 

9 

1  19-8410 

21 

;  40-2970 

33 

72-7525 

45 

99-2079 

10 

22-04()2 

22 

!  48-5017 

34 

1  74-9571 

46 

101-4120 

11 

24-25()S 

23 

5i)-70i;3 

35 

77-l(;i7 

47 

103-0172 

12 

,  26-4555 

24 

52-9109 

36 

i  79-3004 

48 

1105-8218 
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Table  58. — Kilogbammes  in  Pounds  (cimtlmwd^. 


Kilos. 

Pounds. 

Kilos. 

Pounds. 

Kilos. 

Pounds. 

Kilos. 

Pouuds. 

49 

108-0264 

62 

136-4865 

75 

■  ■ 

165-3466 

88 

194-0066 

60 

110-2310 

63 

138-8911 

76 

167-5512 

89 

196-2118 

61 

112-4357 

64 

141-0957 

77 

169-7558 

90 

198-4159 

52 

114-6403 

65 

143-3004 

78 

171-9604 

91 

200-6205 

63 

116-8449 

66 

145-5050 

79 

174-1651 

92 

202-8251 

54 

119-0495 

67 

147-7096 

80 

176-3697 

93 

205-0298 

55 

121-2542 

68 

149-9142 

81 

178-5743 

94 

207-2344 

56 

123-4588 

69 

152-118S 

82 

180-7789 

95 

209-4390 

57 

125-6634 

70 

154-3235 

83 

182-9835 

96 

211-()436 

58 

127-8680 

71 

156-5281 

84 

185-1182 

97 

213-8482 

59 

1300726 

72 

158-7327 

85 

187-3928 

98 

216-0529 

60 

132-2773 

73 

160-9373 

86 

189-5974 

99 

218-2575 

61 

134-4819 

74 

163-1420 

87 

191-8020 

100 

220-4621 

Table  59. — Pounds  ix  Kilogrammes. 


Pounds. 

Kilogrs. 

Pound^j. 

Kilogrs. 



Pounds. 

Kilogrs. 

Pounds. 

Kilogrs. 

1 

-4536 



26 

11-7934 

51 

23-1332 

76 

— _ —  - 
34-4731 

2 

-9072 

27 

12-2470 

52 

23-58<;s 

77 

34-9267 

3 

l-3(;08 

28 

l2-700i; 

53 

24-0404 

78 

35-3803 

4 

1-8144 

29 

13-1542 

54 

24-4940 

79 

35-8338 

5 

2-2680 

30 

13-607S 

55 

24-947r. 

80 

3i;-2874 

6 

2-721(; 

31 

]4-0()14 

56 

25-4012 

81 

3(;-7410 

7 

3-1752 

32 

14-5150 

57 

25-8548 

82 

37-1946 

8 

3-6287 

33 

14-9686 

58 

26-3084 

83 

37-(;482 

9 

4-0823 

34 

15-4222 

59 

2r>-762t) 

84 

38-101 S 

10 

4-5359 

35 

15-8758 

60 

27-2516 

85 

38-5554 

11 

4-9895 

36 

16-3293 

61 

27-6692 

86 

311-0090 

12 

5-4431 

37 

1(;-7S29 

62 

28-1227 

87 

31)-4r»26 

13 

5-8967 

38 

17-2365 

63 

28-5764 

88 

39-91(;2 

14 

(;-3503 

39 

17-69U1 

64 

29-0300 

89 

10-37(»0 

15 

6-8039 

40 

18-1437 

65 

29-4835 

90 

40-8234 

16 

7-2575 

41 

18-5973 

66 

2'.i-9371 

91 

U-2770 

17 

7-7111 

42 

19-05(19 

67 

30-39(17 

92 

4l-730i; 

18 

8-ir)47 

43 

1!)'5045 

68 

30-8443 

93 

42-1841 

19 

8-6183 

44 

19-9581 

69 

3r2'J79 

94 

42-6377 

20 

9-0719 

45 

20-4117 

70 

31-7515 

95 

43-0913 

21 

9-5255 

46 

20-8653 

71 

32-2051 

96 

43-5449 

22 

9-9790 

47 

21-31811 

72 

32-6587 

97 

43-9985 

23 

10-4326 

48 

21-7725 

73 

33-1123 

98 

44-4521 

24 

10'8862 

49 

22-2261 

74 

33-5(;:,l) 

99 

44-9057 

25 

11-3398 

50 

22-<;79r) 

75 

':M-or.)5 

100 

15-3593 

j  by  Google 


156 


WBI6HT8  AND  MEASURES. 


Table  60.-^Square  Metbes  in  Squabb  Fbbt  and 

Squabb  Yabdb. 


Sqaare ' 
Metres.* 


1  I 

2  . 
8 

4  I 

6  ! 

6  ; 

^  I 

9  ' 
10  1 

11 

12  ' 


13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 


I 


80 
81 
82 
88  I 
84 

88  ' 

86  I 

87  , 
88 
89 

40  I 
41 


Sqiiaro 
Feet. 

10-76-tl 
21-5282 
32-2924 

53-820() 
G4-5847 
75-3458 
8<M  130 
9G'8771 
107-(;412 
118-4053 
129-1(>94 
139-U33(i 
150-0977 
l(;i-4(n8 
172-2259 
182-9900 
193-7542 
204-5183 
215-2824 
226  04(>5 
236-8106 
247-5748 
258-3389 
269-1030 
279-8671 
290-6812 
301-3954 
812'1596 
322*9236 
888-6877 
844-4518 
355-2160 
365*9801 
876-7442 
387-5088 
398*2724 
409-G3G6 
419*8007 
430-5648 
441-3289 


,  Square 
Yards. 


I 


I 


1-  19G() 

2-  3920 

3-  5880 

4-  7840 

5-  9800 

7-  1760 

8-  3720 

9-  5680 

10-  7G40 

1 1 -  9G00 

13-  15G0 

14-  8520 

15-  5480 
lG-7440 
17-9400 

19-  18i;0 

20-  3320 

21-  5280 

22-  7240 
28-9200 

25-  U60 

26-  3120 

27-  5080 

28-  7040 

29-  9000 

81-  0960 

82-  2920 
33-4880 

84-  6840 

85-  8800 

37-  0760 

38-  2720 

39-  4680 

40-  6640 

41-  8600 

43-  05G0 

44-  2520 

45-  4480 

46-  G440 

47-  S400 
490360 


42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
62 
63 
54 
66 
66 
57 
68 

69  , 
60  . 
61 

62  . 
68  . 
64 

66  < 

66  ' 

67  ; 

68 
69 

70  I 

71  . 
72 
78 
74 
76 
76 
77 
78 
79 
80 
81 
82 


452-0930 
462-8572 
473-<;213 
484-3854 
495-1495 
505-91 3G 
51G-(;778 
527-4419 
538-20GO 
548-9701 
559-7342 
570-4984 
581-2G25 
592-0266 
G02-7907 
G13-5548 
624-3190 
G35-0831 
645-8472 
656*6113 
667-3754 
678  1396 
688*9037 
699-6678 
710-4919 
721-1960 
781-9602 
742-7243 
753*4884 
764-2525 
775*0166 
785-7808 
796-5449 
807-3090 
818-0731 
828-8372 
830-GO14 
850-8(;55 
8G 1-1 296 
871-8937 
882-6578 


50-  2320 

51-  4280 

52 -  0240 

53-  8200 
55-OlGO 
5G-2120 

57-  4080 

58-  G040 

59-  8000 
G0-99GO 

62-  1920 

63-  3880 

64-  5840 
G5-7800 
()l)-9760 
G8-1720 
69*8680 
70-5640 
71*7600 
72*9560 

74-  1520 

75-  8480 

76-  5440 
77*7400 
78-9960 

80-  1320 

81-  3280 
82*5240 

83-  7200 

84-  9160 

86-  1120 

87-  3080 

88-  5040 

89-  7000 

90-  89G0 

92-  0920 

93-  2880 

94-  4840 

95 -  0800 

96 -  8700 
980720 
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..  JilBIiE  6Q» — SqUABB  H^TBES  IK  8QUABE  FfiEX  Ain> 

Squabe  Yabds  (oontinued). 


Square 

Square 

Square 

Square 

Square 

Square 

■ 

Feet.      j   .  YaidSt 

83 

92 

990-2990 

110-0320 

84 

904*1 8()1 

100-4640 

X\j\J  Jt\/XV' 

93 

85 

014*9502 

loi-nnoo 

94 

1011-8273 

112-4240 

86 

925*7143 

102-85(;0 

96 

1022-5914 

113i;200 

87 

O  f 

96 

1033-8555 

114-8160 

88 

947-2426 

105-2480 

97 

1044-1196 

116-0120 

89 

958-00G7 

10(3-4440 

98 

1054-8838  1 

117-2080 

90  , 
91 

9()8-7708  ■ 

107-6400 

99  , 

10i;5-(;479 

118-4040 

979-5349  1 

108-8360 

100  , 

1O7G-4120  ' 
1 

119-6000 

Table  61.--Squabk   eet  ij^  Squabe  Metbes. 


Square 

Square 

Square 

.Square 

Square 

1 

Square 

Square 

Feet. 

Metren* 

Feet» 

_ 

MctlQBS. 

Feet. 

Metres. 

.  

F«et. 



Metres. 

, —  

1  : 



•0929 

26 

 . 

2-4154 

51 

4-7380 

76 

7-0605 

2 

•1858 

27 

2-5083 

52 

4-8309 

77 

7-1534 

3 

•2787 

28 

2-6012 

53 

4-9238 

78 

7-2463 

A 

O  /  1  O 

OQ 

04 

o  u  1  o  < 

5 

•4645 

30 

2-7870 

55 

5-1096 

80 

7-4321 

6 

•5574 

31 

2-8799 

56 

5-2025 

81 

7-5250 

7 

-6503 

32 

2-9728 

57 

5-2954 

82 

7-6179 

8 

•7432 

33 

3-0657 

58 

5-3883 

83 

7-7108 

9 

•8361 

34 

3-1586 

59 

5-4812 

84 

7-8037 

10 

•9290 

35 

3-2515 

60 

5-5741 

85 

7-8966 

11 

1-0219 

36 

3-3444 

61 

5-6670 

86 

7-9895 

12 

1-1148 

37 

3-4373 

62 

5*7599 

87 

8-0824 

13 

1-2077 

38 

3-5302 

63 

5-8528 

88 

8-1753 

14 

i  1-3006 

39 

3-6231 

64 

5-9457 

89 

8-2682 

15 

i  1-3935 

40 

3-7160 

65 

(;-()386 

90 

8-3611 

16 

1-4864 

41 

3-8089 

66 

6-1315 

91 

8-4540 

17 

1-5793 

42 

3-9018 

67 

r)-2244 

92 

8-5469 

18 

1-6722 

43 

3-9947 

68 

()-3173 

93 

8-6398 

19 

1-7651 

44 

4-0876 

69 

(;-4102 

94 

8-7327 

20 

1-8580 

45 

4-1805 

70 

6-5031 

95 

8-8256 

21 

1-9509 

46 

4-2734 

71 

6-5960 

96 

8-9185 

22 

2-0438 

47 

4-3663 

72 

6-6889 

97 

9-0114 

23 

21367 

48 

4-4592 

73 

6-7818 

98 

9-1043 

24 

2-2296 

49 

4-55'il 

74 

(;-8747 

99 

9*1972 

25 

2-3225 

50 

1  4-6450 

76 

6-9676 

100 

9*2901 
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Table  ^2.— Squa-re  Vakds  t:x  Square  Metres. 


Square 
Yards. 

Square 
Metres. 

Square 
Yards.  | 

Square 
Metres. 

Square 
Yards.  ' 

Square 
Metres. 

 f 

Square  1 
Yards. 

Square 
Metres. 

1 

•881)1 

26 

21-7889 

mm  ^ 

51 

42-6417 

To 

>i>'544:0 

2 

l-()722 

27 

22-rw:)0 

52 

43*4778 

77 

t  J«QQA|S 

3  ! 

2*5083 

28 

28*4111 

53 

44-8139 

78 

^  1 

4  ■ 

3-3444 

29  1 

24*7472 

54 

45*lo00 

79 

>tl 

5 

4*1806 

30 

25-0834 

55 

l.)*9862 

>D  OOVU 

6 

5*0167 

31 

25*919o 

66  1 

46*8223 

81 

7 

5*8528 

82 

26*7550 

67  , 

i7*6o84 

88S 

DO  5pl2s 

8 

6*6889 

33 

27*5917 

58 

18 '4945 

88 

!O*0a7Q 

j9  a9#o 

9 

7*5250 

34 

28*4278 

Bf  A 

59 

19*8306 

8ft 

10 

8*3611 

86 

29*2639 

AA 

80 

.>0  1667 

86  ' 

71  •AAQR 

11 

9*1972 

A  A 

86 

30*1000 

A4 

61 

>l*OuZo 

Bo 

12 

10*0338 

87 

30*9361 

AA 

62 

ol*8389 

A*f 

87 

13 

10*8695 

88 

31*7723 

AA 

68 

o2*6751 

88 

14 

11*7056 

A.^h 

89 

32-6084 

A ,« 

61 

.>3*oll2 

AO 

89 

7ii»iti  4.n 

15 

12'5417 

^  A. 

40 

AA^  M  ^  ^  mt 

33*4445 

66 

54*3478 

99 

f  0  ZOUl 

16 

13*3778 

41 

A  M  .AAA/* 

34*2806 

AA 

66 

00*1884 

91 

•  .  T>  UoOZ 

17 

'H  il  .A^  OA 

14*2139 

^  A 

42 

3:>*1167 

AW 

67 

.)6  019o 

OO 

18 

15*0o00 

A  A 

48 

.3o-9o28 

AA 

68 

OQ 

TOO 

19 

16*8861 

44 

36*7889 

AA 

69 

0  /  (>yi  / 

80 

16*7222 

46 

37*62o0 

70 

.>0         1  O 

'  70« 

j  / 1/  ^ovu 

21 

17*oo84 

^  A 

46 

n  O.J  A 

38*4612 

71 

)  iron  40 

Oil 

~U  zone' 

22 

i  18-3945 

47 

39*2973 

72 

>0-2001 

97 

Ul-1021) 

23 

19*2306 

48 

10*1334 

73 

>l-0302 

98 

1^1*9390 

24 

20-0667 

49 

40*9895 

74 

r>l*8728 

99 

^2*77r)] 

.  26 

20-9028 

60 

41-8056 

76 

62*7085 

100 

jS3-6112 

I 

Tables  63.— Cubic  Metres  ik  Cubic  Feet  aijd  Cubic 

Yabj)S. 


Cubic 

Cubic 

Cubic 

Cubic 

Cabio 

>Ietres.| 

Foet. 

« 

Yards. 

Metres. 

Yards. 

35*3156 

1-3080 

10 

3r)3-i:>(i0 

13-0800 

*  2 

70*6312 

2-nir)0 

11 

388-4716 

14*3880 

8 

i()n-04(;8 

8*0240 

12 

423-7872 

15*61)()0 

'    4  • 

141-2(524 

5 -2820 

13 

4r)0-1028 

1 7-0040 

6 

170*5780 

(;-5400 

14 

404-4184 

18-3120 

6 

211*803(5 

7-8480 

15 

529-7340 

19-0200 

7 

247*2002 

o-ir)()0 

16 

r>Gr>-0406 

20-9280 

8  . 

282-r)248 

10*4(>40 

17 

,  G00*3()r)2 

22-2300 

9 

317*8404 

'  11*7720 

18 

• 

•  635-6808 

23*5440 
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Table     — Cubic  Metres  in  Cubic  Feet  uVND  Cubic 

YaKDS  {ooiitinued). 


.Cubic 

1 

Cubic 
Feet. 

Cubic 
Yanla. 

Cubic 

Cubic 

Cubic 

Metres. 

Feet. 

Yards. 

19 

670*9964 

24'8o20 

60 

2118*93dO 

78-4800 

20 

706*3120 

26*1600 

61    1  2154<2516  )  79*7880 

21 

741^o276 

27*4680 

62 

2189-6672 

81*0960 

AA 

22 

^'7£*.AjIOA 

28*7760 

68 

2224*8828 

82*4040 

23 

O  1  Is'Zocio 

S0*0840 

64 

1  2260'1984  1  83*7120 

Ail 

o4/  oi44 

81*3920 

65 

2295*5140  1  85*0200 

AE 

25 

32*7000 

66 

2330*829(; 

86*3280 

26 

34*0080 

67 

2366*1452 

87*6360 

27 

9i>3'o212 

3o*3160 

68 

2401*4608 

88*9440 

28 

988*83()8 

3()*(i240 

69 

2436*7764 

90-2520 

29 

1024  lo24 

37*9320 

70 

2472*0020 

91-5600 

30 

39*2400 

71 

2r)07*407(> 

92-8080 

31 

1()'J4  /.Soo 

40*5480 

72 

2:»42*7232 

04*1700 

32 

41  '8060 

73 

2578*0388 

05-4840 

33 

1  1  l).)'4Hh 

4.Mb40 

74 

2()13*3544 

90*7020 

O  A 

34 

I200w,i04 

44*4/20 

76 

2048*0700 

98*1000 

35 

12a(i  041)0 

45*7800 

76 

2083*985() 

90-4080 

36 

12/  I'.iolh 

4  i  *O880 

77 

2719*3012 

100-7100 

37 

Io0l)*o772 

48%^1>()() 

78 

2754m;108 

102-OL>4() 

38 

lo41  yl>2o 

41>  /  010 

79 

2789-1)324 

103-3320 

39 

\6i  t  •nns4 

i)l-01 20 

80 

2825*2180 

104-0100 

40 

14  1 2  t)J40 

o2  vi^no 

81 

28!>0-503(; 

105-0480 

41 

1 14  i  •li.slH) 

i>3'(>280 

82 

2805*8702 

107-25()0 

42 

148.)  2.).>2 

i>4'93()0 

83 

1  2031*1048 

1 08-5040 

43 

lolo*o/08 

50*2440 

84 

.  21>00-5104 

109-8720 

A  A 

44 

l^;nr88l»4 

i>7*.>;)20 

86 

y  3001-8200 

111-1800 

A  f 

45 

l;)89*2020 

;)8'8(>00 

86 

i  3037*1410 

112-4880 

A  r» 

46 

lb24%>17<j 

()0*1(»80 

87 

3072*4572 

113-7000 

A  H 

47 

oo.>2 

(»l*4/b0 

88 

3107-7728 

115-1040 

A  O 

48 

U);'.>  1488 

()2*/840 

89 

3143-0884 

110-4120 

A  C\ 

49 

1  /  .>U*4o44 

()4  0920 

90 

3178-4040 

117-7200 

50 

I  /l).)*/<SO(.» 

b.)*400() 

91 

3213-7100 

110-0280 

61 

I80l-0().)(> 

r)fV7080 

92 

3249-0352 

120-33()0 

63 

I8.ib*41 12 

()S*01 

93 

3284-3508 

121-0440 

53 

18<  Iw2u8 

b!»*3240 

94 

3310-00i;4 

122-0520 

54 

llU)r0i2J 

/0'b^^20 

95 

3354-082O 

124*2000 

66 

1942-3r)80 

71*9400 

96 

3300-2070 

1-25-5080 

56 

1977-6736 

73*2480 

97 

3425-0132 

120-8700 

67 

2012-9892 

74-:)5(;o 

98 

34<i0-0288 

128-1840 

68 

2018-3048 

7r>-8<;4i) 

99 

3406-2444 

120-4020 

59 

2083*6204 

77*1720 

100 

,  3531-5000 

130-80U1J, 

Digitized  by  Google 
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Table  64.— Cubio  Feet  in  Ocr3io  M£TBB& 


1 

Cable  Cubic 

Cubic 

,  Oabic 

Cubic 

Game 

Game 

Caoic 

Feet.  1  Metres. 

X  ecu. 

JILOUI  VB. 

1 

Feet. 

1 

•0288 

26 

1  ^7802 

51 

1-4450 

76 

2-1519 

2 

•05()G 

27 

'  -7045 

52 

1-4724 

77 

2-1808 

I 

•0841) 

28 

•7928 

53 

1-5007 

78 

2-2080 

4 

•1188 

29 

(  ^8211 

54 

1*5290 

79 

2^2809 

5    '  -UK) 

30 

1  -8494 

55 

1-5578 

80 

2*2052 

6  1  'irm 

31 

•8778 

56 

1-5850 

81 

22935 

7 

•11)82 

32 

^9001 

57 

l-(n40 

82 

2-3218 

8 

•22(>;) 

33 

•9844 

58 

1-0428 

83 

2-3501 

9 

•2548 

34 

•9027 

59 

l-070() 

84 

2^8785 

10  1 

•2881 

35 

•9910 

60 

r0989 

85 

2-4008 

11 

A  -« 

•311i) 

36 

1-0193 

61 

1-7272 

86 

2-4851 

12 

•881)8 

37 

1-0477 

Q2 

1-7555 

87 

2*4084 

13 

•8(i81 

38 

l-07(>0 

63 

1-7888 

88 

2*4917 

14 

•81)G4 

39 

i  1-1048 

64 

1-8122 

89 

2*5200 

15 

•4247 

40 

'I  •1820 

65 

I  -8405 

90 

2*5483 

16 

•4580 

41 

l'l<;09 

66 

1*8088 

91 

2^o767 

17 

•4814 

42 

1-1892 

67 

1^8971 

92 

2*0050 

18 

•5097 

43 

U-2175 

68 

1*9254 

93 

2*0888 

19 

•5880 

44 

[1-2459 

69 

1*9537 

94 

2*0010 

20 

•5Gf)3 

45 

'  1^2742 

70 

1*9820 

95 

2*0899 

21 

•5940 

46 

[1-8025 

71 

2-0104 

96 

2-7182 

22 

•(»229 

47 

1  -8808 

72 

2*0887 

97 

2*7400 

23 

•()512 

48 

'  I  -8591 

73 

2-0070 

98 

2-7749 

24 

•0795 

49 

*  I -8874 

74 

2-0958 

99 

2  •8082 

25 

•7079 

50 

11-41570 

75 

21236 

100 

2-8315 

• 

Table  65.— Cubic  Yaeds  in  Cubic  Metres. 

Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Yards. 

Metres. 

Yards. 

Metres. 

Yards. 

Metrefi. 

Yards. 

Metres. 

1  

1 

•7645 

11 

8-4096 

21 

16-0548 

81 

23-6999 

0 

1-5290 

12 

9*1742 

16-8193 

82 

24-4644 

8 

2-2935 

18 

9-9387 

17-5838 

88 

25-2289 

.  4 

8-0581 

14 

10-7082 

24 

1813483 

84 

25-9934 

:  5 

3.-8226 

15 

11-4677 

25 

19*1128 

88 

26-7580 

.  6 

4-5871 

16 

12-2822 

26 

19-8773 

86 

27-5225 

'  7 

5*351() 

17 

12-9967 

27 

20-6419 

37 

28-2870 

8 

6-1101 

18 

13-7612 

28 

21-4064 

88 

29-0515 

9 

^•8800 

19 

14-5257 

29 

22-1709 

39 

29-8160 

- 

80 

4&'29e8- 

-80  t22i>8d4 

40  - 

30^5 
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Table  65.--Cubig  Yabbs  in  CuBid  Metb^b  (continued:). 


VyUDIC 

1  . 

V/UDIC 

uunic 

• 

Cubic 

I  UhlC 

LUDIC 

YanU. 

Metres. 

Yardf.' 

Metres. 

Yards. 

Metres. 

Yards. 

Metoei. 

41 

3I-34r)(i 

56 

42-8127 

71 

154-2804 

86 

t^5'7481 

42 

32-1095 

57 

43-5772 

72 

|55-n449 

87 

G6-5126 

43 

32-8741 

58 

44-3418 

73 

55-8094 

88 

67-2771 

44 

33-6386 

59 

45-1063 

74 

56-5740 

89 

68-0417 

45 

34-4031 

60 

45-8708 

75 

57-3385 

90 

68-8062 

46 

35-1676 

61 

46-6353 

76 

58-1030 

91 

69-5707 

47 

35-9321 

62 

47-3998 

77 

58-8675 

92 

70-3352 

48 

36-6966 

63 

48-1643 

78 

59-6320 

93 

71-0997 

49 

37-4611 

64 

48-9288 

79 

60-3965 

94 

71-8642 

50 

38-225G 

65 

49-0933 

80 

61-1610 

95 

72-6287 

51 

38-9902 

66 

50-4579 

81 

61-9256 

96 

73-3932 

52 

30*7547 

67 

n  1  -9904 

82 

69^001 

97 

74-1578 

53 

40-5192 

68 

51-9869 

83 

63-454(; 

98 

74-9223 

54 

41-2837 

69 

52-7514 

84 

64-2191 

99 

75-6868 

55 

42-0482 

70 

53-5159 

86 

64-9836 

100 

764513 

Table  66.— AtFBoxiM!ATO  E^uitalbnts  09  Fbenoh 

.AK0k  E»aiisBa  MEASUBE9»  . 

■  *  • 

1  chain  (32  yards)'.      .  20  metka  (exactly  22*1166  metres). 

-  /  1  kiloiAetre  (exactly  1*0058-  kilo- 

0  furlongs.      .      .   .|    i^^y , 

9 .  jdeeitnetres  (exactly  S-048  deci- 

1  toot    •      •      .      .  {  metres). 

ao  centimetreas^ 
3-28  feit 

1  metre  »      •A  SijBpet  SibcbeS  |inc%t(^i  ineh  leas). 

I  40inplle8       per  ciiiitL  leisi); 
'  2S^mflHmetres  (exactl]|r  25*4). 
iimetib. 
12  yards. 

' .   I  mile. ' 
,^  .:•  ,1-6  or  1|  kilometres. 
.   6-5  sqm&e  centimetres. 
f  10}  sqiiare  feet 

*  'X  IJsquate  yards. 
.   f  square  metxe..  •  . 
/  4000  sc^are  metres  (1*2  per  cent. 

•  more). 
•  260  he<n»res  (0*4  per  eent.  les^).  ' 


1  inch  • 

I  yard      .•  • 

II  metres 

To  conrert  metres  itito 

yards  ; 
1  kilometre  . 
1  mile.  » 
1  square  inch . 

1  square  metre  . 

Isquflbre^surd. 

1  acre 


1  square  mile 


41 ' 
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I  * 


1  cubic  yp^rd  ,   ^  f  p^^W^  ^'^^f  ^  P^^  P^^**  moreX  ^ 

1  cubic  metre       •      .  li  cuoic  yarofl"      '       ^  ^ 
]|  cubic  metre  \ 
l;litre  •  •      ,  I  • 
li  gallon    .  . 
I!  cubic  foot  . 


If  cub^a  metre,  ot\  water 
gramme   .  .  \  . 
kilogramnVe  4 
DUO  kiiograflimes  ^ 
metric  ton         /.  ■ 
huudredwtii^ht  .  , 


>  ■ 


cubic  yard  (1|  pier  cent.  less).^^^_ 
35^  GuVic  feet  ^•05  per  cent,  lessjl*^  i 
If  pints  fully. 
4i  liti'es  fully. 
28  8  litres. 
I  ion  nearly.  ^-^^ 
i5i  grains  neai-ly^ 
2;2  pounds,  fully,,  ^ 

1  ton  nearly. 

51  kilogrammes  ^(^ar 


'  .  '  *  - '  -  ' 


•   Table  «7.— French  ANi)  EWGLisH-GoMPOt^Kb 

.kilogram]^  J  per   lineal  V^'*''^  pound  perl  qq^rl^ijpt. 
metre       .    l  .      .      .  J  2  Ul(>  poundi^^ei  ya^'4«i  n  .u 
600  kilogrammes  (1  tpimo)  j  .3^,)^^^  per^Jooti  "•>^^-- ^     •  • 
per  metre      .       .       •    .J  I  i. 

kiiogrannne  per  Idlometre  .  pouuda  per>  mite^ 

'       l;i.l%'''.-^'"mes  (1  tonuoj  ,  .'sgi  tons  per  mile.  •  -  ...  : 

per  K!  1' Miiet I'c        .        .    .  /  * 

kilogramme  per  square  I  1422*32  pounds  per  squ«are  inch, 
millimetre.       .      .      .  j  035,  touper  s^M^i^emch. 

ceSetT".  pounds  per  squ,r?iacb. 

ded"S"^*         «1'^*^;^)20>477&  pounds  per  square  foot, 
kilogramme   per  .e<Hf«W  U-siSO  i^ounds  per  square  yard, 

Qt^Li  e     .        .        .        .    •  I   ,  I 


met 


Ter'Sre^^^^^  ^^'^''^^  }-8229  .ton  per  square  yard.' 

kilogramme  per  tonne       ,    2*240  pounds  per  ton.    ^     *  . 

kilogramme  per  tonne  per,  j^.gQ^^  pounda  per  ton- per  mile, 
kilometre      ,      ,       •    J  • 

-      .       .  *  r3*6U42  pounds  per  ton  per  mile, 

litre  of  water  at  4*  C.  per  J  ,^599  gallon  at  G2^  F.  per  ton 
tonne  per  kilometre  per  mile.  *  .  . 

gramme  per  sctttwe  ^^iilli-  h  422  pounds  per  square  indW- 
metre    .       .      .       .    .  J     ,    :^  *; 

gramme  per  square,  cenli-  j..oi 422  pound  per  square  inch, 
metre       •      •     -••.i   •  J 

i  1086  pounds  per  cubic, yap^ 
ldlog|»mmepproubicriietre|.^3,j^^  ^^^^^  cubicloot. 

000  kilogrammes  (1  tonne)         too/ per  cubic  metre, 
per  cubip  metre    .      ♦       •?*>2  fco"  per  cubic  yard,. 
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1  cubic  metre  per  kilogramme    1G*019  cubic  feet  per  pound. 

1  cubic  meti«  per  tonne      A  X^^^^^^.  ^^"1'  P^""/""" 

^  I  B5-883  cubic  feet  per  ton. 

1  cubic  metr9  per  kilomeire .   2*105  cubic  yards  per  mile* 

1  ^mme  per  litre      •      ,   73*09  grains" per  gallon. 

1  kilogramme  per  litre '  .   .   10*4382  pounds  per  g^on* 

lcubicmetreperlmeaimetre{^*^y^^^^^^     y*«^  ""^^ 

lcubi|Cm^t]:epersquareme^tre  3*281  cubic  feet  per  square  foot. 
1  litre  per  square  metre  »  .   *0204  gallon  per  square  foot. 

{       cubic  metre  per  acre. 
1  cubic  metre  per  hectare   .  .-j  -629  cubic  yard  per  acite. 

.    .  *     ;  t -8^*065  gallons  per  acre*. 

1  kilogrammetre,'    ,    .  f  ♦>  7*233  fw)t-poundsp 
1  toime-metxe  «.  ..  H ^cot-tons. 

1  cbeval  vapeur,  or  qheval- \  .,.o,  o  u 

1  kilogramme  per  <dieral   .     2*285  pounds  per  horse-pomr. 

1  8.iuare  metre  per  cheral '  .(  lO"*!^  square  feet  per  horse- 

power.  t       ' . 

1  cubic  metre  per  Che val     A  ^^^ic  feet  per  horse- 
  'ppwer. 


^'hi?^  T  ^^^/"^^  j3|y68  English  heat-units. 
French  mechanical  equiyi^-. 


rench  mechanical  equiyi^-.  I  , 
lent  of  heat  (425  kilogram-  |-3Q74  foot-pounds  per  mdW 
metres)     .      .      .  .J 


1  calorie  per  square  metre 
1  calorie  per  k^iog^^mn^c 


•S()9  heat-unit  per  square  foot. 
1*801)  heat-units  per  pound. 

1  franc  per  kilogrammci'      .  ^  ^^^.^^  ^ 

.    '4^3  shillings  per  cwt. 
J  •484  penny  per  cwt. 
\'    \  -yOO  shilling  per  ton. 
I  '726  shilling  per  yard, 
*    8*709  pence  per  yard. 
£-0()88H  per  mile. 


1  iranc  per  quintal 
I'fimnc  per  liofine* 

1  fi^nc  per  metre  ; 

1  franc  per  kilometre 

1  franc  pet  sqnanre  metre 

1  franc  per  cubic, metre  • 

1  franc  per  litre 

i  fcanqpef  heqtQlitr^ 

■ 


\15-H20  pence  per  mile. 

i7*9()3  pence  per  square  yard. 
■<)G8G  shilling  per  square  yard^ 
7*281  pence  per  cubic  yard. 
3MiO()  shillings  per  gallon.  ' 
,    1*893  shillings ^|)er  h9gsh^d. 


«  I  • 

r 
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Table  68^~Engli8h  and  ^sEsim  Compodmd 

•..  EQUIVAIiENTB. 


1  pound  per  lineal  foot 
1  pound  per  yard  . 
1  ton  per  foot  . 

1  ton  per  yard 

1  pound  per  xnile 

1  ton  per  mile 
1  pound  per  ton 

1  pound  per  ton  per  mile 
I  pound  per  square  inch 


{ 1*488  kilogrammes  per  lineal 
metre. 

.    '496  kilogramme  per  metre. 
/  3333-333  kilogrammes  Q^  tons) 
•\    per  metre. 

/'  1111-111  kilogrammes  (1^  tons) 
•\    per  metre. 

r  -2318  kilogrammes  per  kilo- 
•\    metre.       •  ' 
.    '(JBIS  tonne  per  kilometre. 
.    '44^4  kilogramme  per  tonne. 

/  -2774  kilogramme  per  tonne  per 
'\  kilometre. 

•0703077  kilogramme  persquare 

centimetre. 
•  70:^1  gramme  per  square  milli- 
metre. 


5*170  centimetres  of  mercury 
.  'atO'C. 

1  atmospbere  <14'7  pounds  1 1*0335  kilogrammes  per  square 
per  square  inch)  .      .    .  /  centimetre. 


1000  pounds  per  square  inch 

2000  pounds  per  square  inch 

1  ton  per  square  inch,  • 

1  pound  per  square  foot 

1000  pounds  per  square,  foot 
1  ton  per  square  fbot    . ' 
1000  pounds  per  square  yard 
1  ton  per  square  fAid  . 
1  pound  per  cubic  yard  . 

1  pound  per  cubic  loot 

1  ton  per  cubic  yard 

1  cubic  yard  per  pound  . 

1  cubic  yard  per  ton 
1  cable  yard  per  mile 


/  '703077  kilogramme  per  square 
\  'millimetre. 

J  1*406154    kilogrammes  per 
\^   square  millimetre. 
1*575  kilogrammes  per  square 

millimetre*  ... 
4*883  kilogrammes  per  square 
metre. 

r4882*517     kilogrammiea  per 
\    ^uare  metre. 
10*936  tonnes  per  square  metre. 
5412*500     kilogrammes  per 

square  metxe,,  . 
1-215  tonnes  per  square  metre. 
f  *5d33  kilogramme  per,  cubic 
metre. 

16-020  kilogrammes  j^t  cixMc 
metre. 

1-329  tonnes  per  cubic  itoetre. 
f  1*6855  cubic  metres  per  kilo- 
^  gramme. 
•7625  cubic  metre  per  tonne. 
-4750 cubic  metre  per  kilometre. 


{ 

x 

f 

\ 

{ 
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1  grain  per  gallon  .       .       .    •0142()  gramme  per  litre. 
1  pound  per  gallon   .      .   .    'OOOSS  kilogramme  per  litre. 

1  cubic  yard  per  lineal  yard.  {^^'^Il^^^;;^'"  ""^^''^  t"^' 

1  cubic  foot  per  square  foot  .1  '^''^'^  "^"^'^ 

1  ill       I  f  1  tJ  « 

1  gallon  per  scjuarc  foot       .  48'9()5  litres  per  sc^uare  metre. 

1  cubic  metre  per  acre     .    .  2  471  cubic  metres  per  hectare, 

1  cubic  yard  per  acre    .       .  l  *.)U2  cubic  metres  |Xir  hectare. 

lOUO  gallont*  per  acre       .    .  11  •22<>  cubic  metr-cis  per  hectare. 

1  foot-pound  ....  '1382  kilogram  met  re. 

1  foot-ton   -3338  tonne-metre. 

1  hor8e*power      .      .      «  1*0139  clieval. 

1  pound  per  horse-power     .  *447  kilogranune  per  dievaL 

1  sqnaie  foot  per  horse-power  *0196  square  metre  per  chevaL 

1  cubic  foot  per  horse-power.  ^0279  cubic  metre  per  oheval. 

*  he^SSt"?**  ?  "1-252  calorie. 

EugHsh  mechanic^  equiYa*  | 

lent  to  one  heat-unit  (772  kilogrsmmetres. 

footppounds) ....  J 

^  ^^^'^^^^^-^^^P^'^'^^  |2-713  calories  per  square  metre. 

1  Snglish  heat-unit  per  pound  i  calorie  per  kilogramme. 

1  penny  per  ppund  .      .   .  -2.^1  franc  per  kilogramme. 

I  shilling  per  pound    .      .  2-772  franc  per  kilogramme.  , 
1  shilling  per  cent  or     .   .  '^24-802  francs  per  tonne. 
£1  per  ton    .      .     '  .      ,  J  2*48  francs  per  quintaL 

1  shilling  per  yard  .     .      .  1-378  frajscs  per  metre.    '  ^' 

1  penny  per  mile     .      .   .  •0052  franc  per  kilometre. 

£1  per  mile  ....  15*000  francs  per  kilometre^ 

1  shilling  per  square  yard  ^  .  i  r)10  fi  ancs  per  square  metre. 

£1  per  square  yard  !'     /  ,  30- 1U4  francs  per  square  metre, 

1  penny  per  cubic  foot  .      .  3-7()8  francs  per  cubic  metre. 

1  penny  per  cubic  yard    .  •.  '137  franc  per  cubic  metre. 

1  shilling  per  cubic  yard    , .  1  '048  fi-ancs  per  cubic  metre. 

£1  per  cubic  yard    ,       .   ,  32-lMi2  francs  per  cubic  metre, 

1  shilling  per  hogshead.      •  '528  franc  per  hectolitre, 

I  penny  per  gallon  .      «   •  *023I  franc  per  litre. 


Au8tria«Hun  gary. 

Length.    1  Fuss'--- 1  0371  feet  ;  2  Fuss^l  Elle  =  2-0742  feet.; 
6  Fuss  =  l  Klafter  =  G-222(i  feet;  4UQ0  KUfUjr=;l  ^leUe^ 
mil^. 
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Surface.  1  square  Klaftcr=3J^*7225  square  feet  =  4*8025 
square  yards  ;  lOOO  square  Klafter  =  l  Joch  =  l-422B  acres. 

Vohme,  1  cubic  Klafter=  240*94  cubic  feet=8'924  cubic 
yards.  •       '  ' 

Cajjacity^  dvff.  1  Achtcl  =  l*(iU20  gallons;  2  AGhtel  = 
1  Viertel  =  8-3S4U  gallons  = '4230  bushel;  4Vici-tel=l  Mctze 
=  1m;918  bushels. 

Capacity^  h'qirid,    1  Kaniie  =  l'24o7  pints  ;  2  Kannen  = 
1  Mass=  1*2457  quai-ts  ;  10  Mass  =  l  Yieitel  =  3*1143  gallons; 
•  4  Viertel  =  1  Eimer  =  12-4572  gallong. 

Wmght.  1  Pfund  =  1-2347  pounds  ;  100  Pfuiid=l  Centner 
=  123*47  i)Ounds=  1*1024  hundredweights. 

The  French  metric  system  of  weights  and  measures  is  legal 
in  Austria-Hungary.         •  • 

      • 

The  French  metric  .system  is  in  iorce  in  Bolginm^  Th^ 
name  aune  is  substituted  iot  metre,  Utron  for  litre,  Jil^r^ 
for  kilogramme. 


Length.  1  Fod  =  1  -0297  feet ;  i\  Fod  =  1  Favn  =  6*1783  feet ; 
1  Ma=: 4-63055  miles. 

Surface,  1  square  Fod  =  1*0603  squaTe  feet ;  144  .square  Fod 
=  1  square  Bode  =  ^6•9<^6  square  yards. 

Volume.  1  cubic  Fod  =  1'0918  cubic  feet.  The  Fa+n  of  fire- 
wood=6  Fod  X  6  FoiJ x 2Fod=72  cubic  F6d=78-60  cubic  feet. 

Capaeity,  Uqui^!  38  totter=l  Anker=  8-0709  gallons; 
186  Potter=l  T8nde= 2^-885  gallons. 

Capacity,  dry.  1  Tonde  or  baarel  of  grabi  or  6alt=3'82di 
bushels  :  barrel  of  coal =4'7  bushels. 

Weight:  100  Kvinten=:lTatid  =  1-1028  poundd.;  100  Fund= 
1  Centnf5r= 110-23  pounds  ;  '40  Centner =1  Last= 1*9684  tona^ 
1  Skip-last =2-5596  tons. 

.  '  •  Germany.  ^  •       :  ,  , 

The  FrfencTi  metrical  system  of  weights  and  tneasures  came 
into  force  in  Gennany,  on  January  1,  1872. 

Length.  The  metre  is  knoVvn  as  the  Sfah  ;  the  centimetre, 
the  Xev'/xdl ;  the  kilometre  is  the  same  ;  7  kilometres=l 
inilc=:4*3r>  English  miles. 

Surfacr..  The  s(juare  metre  is  the  Quadr(if-><tah  ;  the  are  is 
the  -I/-;  the  hect  are  is  ihQ  Ilectar,  The  square  kilometre  is 
the  =  247*1 1  acres. 

Volume.  2  Schoppcns  1  !kanne=  1  litre  ;  50  kannes  1 
schetfel  =  50  litres  =  l-.S7(i  bushels  ;  2  schelfels=l  Fass  (caskj=: 
1  Iiectolitre  =  22'01  gallons. 

Weight.    The  milli^niuime,  centigiamjne,  anil  decigmnnne 
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are  respectively  the  Milligram^  0'yitt(ji'amm^  mdi'Dezlgramvi, 
100  dezi^rmiimis=l  Neu-loth  =  10  grammes  =  -35273  ounce; 
50  nea-roths=l  Tfands^  kilogramme  =  1*1023  pounds;  100 
pfund8=l.  Centners50  kilogramniesssn0'2B  pounds;  20 
centners  =  1  tonnes2204'6  pounds  or  *98il2  ton. 

The ':French  metric  system  is  employed  in  Greece.  The 
metre  is  the  j)('chrux^  the  kilomiitre  the  Htadum^  the  are  the 
strewwa ;  the  litre  the  litra,  the  gramme  the  draclnni'. 
li  kilogrammes  =  1  Miia;  H  quintala=l  tolanton ;  1^  ton- 
neaux = 1  Tono  =  21)  526  hundredwt. 

The  French  metric  system  is  in  force.  The  metre  is  known 
as  the  wrtro  :  the  kilomotre.  ch  'domctro  ;  the  are,  <^f7v> ;  the 
hectare,  ettavo;  the  litre,  litro;  the  gramme,  gramu  ;  the 
tonne,  toniwllata* 

Netherlands^ 

'  The  French' metnc  system  is  in  fdiroe  in  the  Netherlands. 
The  French  nomisnclatiiT^  is  follow^,  with  -  hat  trifling 
variifttions.  •  '  • 

.        ;    Portugal.,  J 

The  Fi«»nch  metrifc  system  is  the  legal  standaid.  T)ie  ol4 
measoies  pnncipally  sU^l  iu  vm  are :  the  libia=?l*012  poimds  • 
the  almudeof  Lisbon ss 8*7 gallons;  the  almade  of  Oporto  =r 
5*6  gallons.;  the  .alquiere^'36  bushel  i.  the  molo:=:2^78 
qoavtirs.; 

Bonmaaia* 

The  Freiu'h  metric  system  is  in  force  in  Roumania. 
Turkish  weights  and  measui'es  ai«  lai-gcly  in  use  by  the 
people.       ......         .      ,    .     •  • 

Eussia/  « 

ZrfigfJi.  1  Vcrshok=:r75  inches;  1$  Versholcs  =  l  Arschine 
=  28  inches  :  3  Arschines  =  l  Sajene  =  7  feet;  r>00  Sa^enes  = 
1  Verst  =  3,r)00  feet  or  -iUVIi)  mile.  .The  English  foot  decimally  . 
divided  is  the  ordinary  standard  of  length.  The  Rhein  Fnss 
(  ±:  1  03  Jikig^sh  i<^t).is.uiisd  iu  caloalating  e&port  dujti^^  iou 
timber. 

Sit rf (ice.  1  square  Ai'scliine  =  5-444  square  feet;  9  square 
arschine8=l  square  sajeen  — 49  square  feet;  2,400  square 
sajeensc=  1  Desatine  =  2-7()  acres.  For  earthworks,  masonry,  ifcc, 
the  sajene  is  divideil  into  tenths  (dcssiatka),  hundredths 
(Sotka),  and  thousandths  (tisiatehka).  These  are  squared  ajid 
cubed,  for  su^ierlicial  and  cubic  moasuremcnts,  *  ^ 
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Capacity,  liquid,  1  T8charkev  =  *21G4  pint ;  10t8charkeys= 
1  Krushka  =  1-0820  quarts;  lOO' tsclmrkeys  =  l  Vedro  =  2*7049 
gallons;  3  vedros=:l  anker =81 147  gallons.;  40  Vedro8=l 
^srokowaja  Boslika=108'196  gallons. 

'  Capacityy  dry.  (Grain.)  1  Tschetwert  =  5*7704  bushels 
(usually  reckoned  at  5f  bushels)  ;  Ifi  Tschetwerts  =  1  I.ast  = 
11*5408  quarters.  100  Tschetwerts  are  usually  reckoned 
equal  to  72  quarters  ;  they  are  exactly  72*  1308  quarters. 

Weight.  12  lanas  =  32  lottis  =  96  Zolotnickssrl  Funt  or 
pound=*y0285  English  pounds  14-446  ounces;  40  pound8=:l 
.Pood  =r  36114  Enplisb  pounds  ;  62-0257  Pood8=sl  English  ton  ; 
-1 8hip4a8tn:l-8d  English  ton9.  "     •  '    •      •  ! 

The'  Trenqh  inet^c  system  has  h^ep  in  u^.in  @^,?|a.sipce 
18B3.  The  old  Turkish  and  Anstrian  weigl^is.  and  pieasnii^ 
still  .linger  in  outlying  districts* 

flpaixL' . 

The  French  metric  system  has  been  established  in  Spain 
since  18r)y.  The  metre  is  the /wtf^ro  ;  the  litre,  the  lUro  ;  the 
gramme  the  granw  ;  the  are,  the  area.  The  old  system  con- 
tinues larfjely  in  use.  - 

Length.  12  lineas  =  l  puli;ada  =  *927  inch  :  12  pulgadas  = 
1  Pies  de  Burnos  =  *9273  foot:  3  Pie«^  =  l  Vara  =  2*782  feet: 
5.000  Varas  =  1  Legua  (Castilinn)  =  2-6345  miles  ;  8,000  Varass 
1  Legua  (Spanish)  =  4*21 51  miles.  '  .      .  .• 

Sriirface.  1  square  Vara  ='860  square  yard  ;  16  square 
Varas  =  l  square  Estadal  =  13*759  square  yards;  576  square 
E8tadals=l  Fanegadii  =  1-6374  acres. 

Capacity,  liquUL    4  Cuartillas=l  Arroba  Mayor  (for  wine) 
J5S.3-552  gallons  ;  1  Arroba  Menor  (for  oil),  ^*76ld2  gallons.. 

Capacity,  dry.    12  Amuerzas=l  Fanega= 1*5077  bushels. 

Weight,  8  OctaTos=l  OjBiBam|*0144  ounces;  16  Onzass' 
1  Libra ?=V01 44  poupd^  ;  100  Librasz?!  Quintal  =  101-442 
pounds;  10  Quintals :=:1  Tonelacla^l6l4'42  poimos. 

*.  Sweden.  /  * 

The  French  metric  System  became  obligatonr  in  Sweden  in 
1889.  The  following  are  measures  according*  to  the  fl7|tem 
formerly  in  use.  '  ' 

Length.  10  Tumer  =  l  Fot  =  n  *6892  inches  ;  10  Fot  =  l  Stang 
=  9*7411  feet  :  10  Stanger^rl  Bef=:32-4703  yards;  360  Befstr 
1  Meile  =  6*6417  miles. 

Surface.   100  square  Turner  =1  square  Fots -9489  square 
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foot ;  1  qquaxe  Bef  as'2178  acre ;  5*6  square  Be£=l  TuiuUaBd=s 
1-2198  aeies. 

Switierlmid. 

The  French  metric  system  ^las  been  geaerally  adopted  in 
Switzerland,  with  some  changes  of  names,  and  of  Bubdivisions. 

Length,  10  Zoll  =  l  Fuss  (3  deciwerfircs)  =  11'811  inches  ; 
6  Fuss  =  l  Klafter =5-9056  feet;  10  Fu88=:l  Kuthe=s  9*8427  feet; 
1600  Ruthen  =  l  Lien =2-9826  miies. 

Surface.  |00  square  Fus8=:l  square  Ruthc  =  10*7643  square 
yards;  400  square  Kuthen  =  1  Juchart=*8G94  ac^e ;  6400 
Jucharten  =  l  square  Stunde  =  5693*52  acres. 

Volume,  1000  cubic  Zoll  =  l  cubic  Fuss  =  '9536  cubic  foot; 
1000  cubic  Fuss  =  l  cubic  Ruthe  =  35-31 66  cubic  Vards. 

Weight.  16  Unzen  =  1  Pfund  (  J  kilogramme)  =  1-1023  pounds  ; 
100  Pfund  =  1  Centner  =  110-233  pounds  =  -08l2  hundred- 
weight. The  Pfund  is  legjilly  dividetl  into  ."iOO  grammes  ; 
but  the  people  generally  prefer  the  divisions  into  lialves^ 
quarters,  and  eighths. 

'  Turkey. 

Length.  1  pike,  or  dra,  or  Andaz(^  (cloth  measure)  =  27  inches, 
divided  in  24  Kerdts.  The  Arehin  (land  measure) =30  inches  ; 
1  Foi'sang  =  3'l  ir>  miles  divided  into  3  Berri  ;  Surveyor's  Pik^ 
or  the  HaIebi  =  27-9  inches  ;  5^  Halebis  =  l  reed. 

Surface.  The  squares  of  the  Kenit,  the  Pike,  and  the 
Reed.  The  Feddan  is  an  area  of  land  equal  to  as  much  as  a 
yoke  of  oxen  can  plough  in  a  day. 

Capacffy,  dry.  900  Dirhems  =  1  Rottol  =  1411  quarts; 
22  Rottols=l  Kileh  =  7-762  gallons,  or  -97  bushels;  the  chief 
measure  for  grain,  100  Kilehs  =  1 2*1 28  imperial  quarters. 

Capa&Hy^  liquid,    1  Almnd  =  1*152  gallons;  1  Rottol  = 
2-61S4  pints:  100  Rottol8=l  Cantar=31*417  gallons. 

Weight,  The  Oke= 2-8342  pounds ;  100  Rottolos  =  1  Cantar 
=124-704  pounds. 

Malta. 

Length,    3^  pal  mi  =  1  yanl ;  1  Canna  =  2f  yanls. 

Surface,  1  ISalma  =  4-964  acres.  Approximately,  543  square 
palmi  =  400  square  feet ;  16  Salmi  =  71  acres. 

Volume.  1  cubic  Xratto=i>  cubic  feet;  1  cubic  Cannn=' 
343  cubic  feet. 

Weight.  15  Oncie  =  14  ounces;  1  Rotolo  —  l-i  pounds; 
64  Rotoli  =  1  hundrodwt.;  1  Cantaro  =  175 pounds  ;  1  Quintals: 
199  pounds;  64  Can tari  =  5  tons. 
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The  weights  and  measures  of  Turkey,  England,  and  France, 
are  all  in  use.    Tlie  principal  units  are  : —  '         •  * 

1  Caulai"c)^44  oche  =  121-0  pounds  (English). 
1  Oca  =  400  dramme  =  2-7o  pounds. 
1  DraTnma  =  48'ir)  grains.     -  .  *  :*i 

•      1  Picco^ 2-296  feet.         '  :         ,  "    ' , 
T  Scalar  1914*4  square  yards.  -  '»       '1  . 

•  CtmdiiEt.         J  •  J  *    '  *»* 

The  Pic  =  25-ll  inches  ;  the  Carga  (corn)  =  4*19  bushels  ;  the 
Rotolo  =  1*165  pounds  ;  100iiotoios=l  i0autaro=jL16'^  pound^'; 
.the  ,QJcfta=2*66 .pounds.  ;  *'  .  .  .     :    J      .  ,    /.  ,  . ; 

Burman. 

The  BntiBh  yaid,.  £oot,  snd  inch  are  in  wse  ifi.  Bumah  ;  ato 
the  British  measures  of  capacity.  .      ^  .  i. 

The  tonng  or  cubit  of  3  maik  or  span  - 19^  inches ;  4  touiig 
=  1  Ian  (fathom);  7  toimg^^.  tf^;  1000  ta=l  taing^  nearly 
two  English  miles. 

Measures  of  capacity- depend  upon  the  teng  or  haskety  the 
value  iof  which  varies  foi^  different  localities  :  holding  from 
23  pounds  to.50  pounds  of  rice.  An  endeavour  has  been  madie 
to  introduce  h  standard  basket^  containing  cubic 
inches,  not  as  yet  successfully. 

1  Kyats=  252  grainy  ^  100  Kyatss:!  Tiet^tha^x  3*652  pounds 
avoirdupois.  . 

•  Coyldk:'     •  •         .  ^    \  "  .  ^^ 

The  weiglits  and  measures  of  Ceylon  are  the  same  as  those 
of  the  United  Kingdom.  There  ai-ealsp  the  S,eer=l'&6  pints  ; 
10  par rahs=l  Amomam^ 5*6  .bushels*        ;  .  t.  V.j,.  • 

'    .     '  ^ 
China.  . 

The  Chill  of  14*10  English  inches  is  the  legal  standard  in 
thetarifE  settled  by  treaty  between  Ureat  Britain  and  China. 
It  is  the  only  authorised  measure  of  length  at  all  the  ports  of 
trade.  The  Fen  :=^*141  ijich  ;  the  Tsun=:  1*41  incJics  ;  10  Chih 
=  1  Chdng=l  1*75  feet :  10  Chdng^l  Yin  =  3i)-l7  yards.  At 
Canton  there  are  four  different  vaUies  (^i  the  chil^  J  at  Pek,in, 
there  are  thirteen  different  chihs.  *        ^  , 

Surface.  25  square  Chih  =  l  Kung  — 8-36  square  yards  ;  2-fO 
Kung  =  l  Mou  =  806^J  s<iuare  yards;  100  Mgu^l  KLng=lti| 
acres.  The  Mou  is  tlie  chief  land  measyi'e.^  ^  .  ,  ,  ^ 
>    Cajmoity,    The  Tou  =  2^  gallons.  '  '  '    *  * 
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Wdght.  The  Tael = 1 J  oances ;  thfe  Katty = 1  \  pounds ;  the 
Pictol£=133i  pounds. 

Cochin  China.  * 
•  » 

The  Thnoe,  or  Gubit,  19  2  iiiclK  s,  is  the  principal  unit  of 

length;  but   it  varies  for  different  places.     The  Li  is 

481)  yards;  10  Li=X  league=2*7t>l  miles.    9  square  Ngu  = 

I  square  Saoss64  square  yaixis  ;  100  squai-e  Sao  =  l  square 

Mao  =  1-82  acres.  1  Ai  =  -00O0U0fi  grain  ;  1  Ken  = -8594  pound  ; 

X  Qu^i^687i  pounds ;  1  Jiao  (grairu)=^6)  gailons. 

Dutcli  East  Indies--jravB» 

The  legal  weights  and  measures  '61  Dutch  India  are  those  of 
the  Netherlands.  Tn  Java,  other  measpreg  are  in  common 
use.  The  Duim= 1*3  inches;  the  Ell =27-08  inches.  The 
Djong  of  4 'Bahn=;7'0I5  acres.'  Measures*  o£  capacity  are 
tfl^en  by  disfinite  weight :  1  Sack  ^61*034  ponndR :  2  Sacks  3t 
1  Pecul=122-068  pounds.  For  liquids,  the  Kan='328  gallon ; 
the  Leager = 127*34  gallons.  For  weights,  the  Tael  =  1  *36  ounces; 

the  Pecul = 135*63  pounds. 

.       .    .  '  •  '  .i  • 

Hong  Kong.  * 

The  British  "vveifrhts  and  nieasuies  are  in  general  use  i^i 
Hong  Hong.  Thi  re  are  also  the  Tael  =  1  J  ounces  ;  the  Picnl  = 
188  pounds;  the  Catty  =  pounds  ;  the  Chek  =  14|^  inches  ; 
I  he  Cheung = 12^  f  e^t  / , 

India — ^BengaL 

Length.    1  Jow,  or  Jaub  =  J  inch  ;  1  Guz=:l  yard  ;  1  C()ss  = 
2000  yards,  or  1*J8H4  miles.    But  tl  c  ('oss  vanes  from  1  mile 
to  2  miles  in  dillexent  districts,    \m  ihe  Punjab  it  is  gene- 
rally 2  miles. 

Surface,  4  s(|uare  ilat'hs  ~  1  Cowrie  =  1  s(|uare  yard  ; 
1  Beegah  =  1600  scjuaie  yards,  or  •83()G  acre.  Tor  Uovernment 
surveys,  the  following  table  is  used  :« — 

t  fiuz     .       .       .    88  lineal  inches. 

8  Ciuz  .       .       ,1  Bans,  or  Hod    .    .    8:^  lineal  feet. 

1)  Square, Guz  .    .  1  Scjuare  Bans.  ]  .    (>8^  square  feet. 

400  Square  Htm  .  1  Bcegah  .    .  '  • .  ( "^^^  '''•"^''^ 
^  ®  (-62.)  acre. 

Caj)acity.  Tlie* Seer  is  taken  at  08  cubic  inches,  or  1  962  pints. 
But  it  varies.  5  Seer=l  Palli :  40  Seer=l  Maund  =  9-81  gallons. 
The  »ooli= 3*065  bushels. 

W^ght.   TheTolai5l80  grains,  the  weight  of  a* rupee,  is 
the  unit  of  weight;  6  Tolas  =1  Chittak  ;  80  Tolas =1  Seer=^ 
2-057  pounds  ;  40  Secrs=l  Maund^82*2$6  po^ids.  ' 
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India^Bombay. 

The  Tus8oo  =  li  inches;  16  Tu8soos  =  l  Hat'h=:18  inches; 
24  Ta88008=l  Gaz=27  inches  7he  Builder's  Tiissoo= 
2*3625  inches  in  Bombay  ;  and  t  inch  in  Snratw 
•  Surfdee.  The  KTitty=9'8176  square  ykrds ;  20  Kutty=: 
1  Pund=  196*35  square  yards ;  20  Pundss  1  Beegah = -8114  acre. 
In  the  Revenue  Field  Surrey  the  Englisli  acre  is  used. 

Capacity,  The  8eer  =  '56  pint ;  4  Seers  i=  1  Pylee  = 
2*2401  pints;  16  t^^lees^l  Parah=4*4802  gallons  ;  8  Paralhs 
=  1  Oandy s£  35*8415  gallofQs;  25  Par jihsss  112*0045  gallons,  fid 
timber  measurement  in  Bombay  Dockyards,  a  Covit  or  Candy 

12*704  cubic  feet  ' 

Widght^  1  Seer  =  11*2  ounces,  1  Maund  =  28  pounds ; 
1  Oand^^5  cwt. 

According  to  sax  Act  passed  in  1871^  the  primaiy  standard  of 
weight  is.  a  ^S^?*,  equal  in  weight  to. one  ]cilogramme  =  2*205 
pounds  avoirdupois.  For  capacity,  th!e  litre  is  the  Standard. 
The  divisions  to  be  decimal. 

India— Madras. 

The  British  foot  and  yard  are  in  use.  The  Guz=33  inches ; 
the  Baum  or  Fathom  is  abont  ^i^lMt.  The  NaUi-Valli  is  a 
little  less  than  1^  miles;  7  KaUi-Yalli=l  KSdam,  or  about 
10  miles. 

1  Sp^n=:8  inches ;  1  Oubit=18  inches  :  8000  Ckibltd:=:l  Cbs 
=2-27  miles.  •  ' 

Surface.  1  Coolie  =: 64  square  yards;  100  Gooliesssl  Cawnie 
s 1*3223  acres. 

Ca])nrtty,  8  011ucks  =  l  Pnddee  =  1*442  quarts  ;  8  Puddecs 
s=l  MercAl  =  2-885  gallons;  5  Mercals=l  Farah  =  14*426 
gallons ;  80  Farahs  ss  l  Garee  =  18^033  quarters.  ITiese 
measures  of  capacity,  though  l^al,  are  not  commonly  used. 
The  "  Customary  "  Puddee,  in  general  use,  has,  when  slightly 
heaped,  a  capacity  6€  1*504  quarts.  The  Seer  measure  is  the 
most  common,  measuring  from  66J  to  67  cubic  inches. 

Weight,  The  Tola=180  grains;  3  Tolas=:l  Pollum=: 
1-234  ounces;  8  Pollums  =  l  Seer  =  9*874  ounces;  5  Seers  = 
1  Viss  =  3-086  pounds:  8  Viss  =  l  Maimd  =  24*686  pounds; 
20  Maunds  =  l  Candy  =  4*480  hundredwts.  The  Vis  is  usually 
reckoned  as  3|  pounds;  the  Maund  as  2d  pounds  ;  the  C^mdy 
as  500  pounds. 

Japan. 

Zenffth,  The  Sun  =  1*20  inches  :  10  Sun=l  Shiakus=l  foot 
nearly  ;  10  Shiaku  =  l  Jo  =  9  feet  11 J  inches  :  60  Ken  =  l  Oh6 
- 110-4  yai-ds  ;  3(1  Cho  =  1  Ri  =  2*442  miles.  Cloth  is  measured 
by  the  Shiaku  of  15  inches,  divided  decimally. 
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Surface,  30  Tsnbo=l  Se= 118*615  square  yards  ;  100  Scs 

1  Ch6= 2*451  acres. 

Capacity.  10  Gd  =  l  Slia  =  -:i973  gallon  ;  10  BhO=l  To5= 
3-970  gallons  ;  10  To- 1  Koku=: 39- 703  gallons. 

Weight.  10  Fun  =  l  Momme  =  57*97  grains  ;  100Moiii]ne= 
1  Hiyaku-mes '828  ponnd ;  1000  Momnie=l  Kwam-mess 
8-282  pounds  ;  160  Mommes:!  Kiu^li  pounds;  100  JS:iu= 
1  Hijak'Kins  132^  pounds. 

Java.   (^See  Dutoli  East  Indies.) 
Persia. 

The  unit  of  length  is  the  ZWt  o£  various  lengths  ;  the  most 
common  length  is  40*95  inches.  16  Gerehs=l  Zer.  A  Farsakh 
Taries  frbm  3*87  miles  to  ^  miles  in  length. 

Siirfact.  Ilie  measure  of  surface  is  the  Jerib=from  1000  to 
1066  square  Zer  of  40*95  inches=from  1294  to  1379  square 
yards. 

Cupacity,  (Dry  Goods.)  1  Sextario  :=  •07236  gallon  ; 
1  Artatass  1*809  bushels.   Liquids  are  sold  by  weight 

Weight.  The  unit  of  weight  is  the  MiskAl  =s  71  grains  ; 
100  MiskAlsal  Botelol*014  pounds.  640  MkhMaspl  Bnt- 
man  (of  Tabreez)=:6*49  pounds  ;  100  Batman  (of  Tabreefli)^: 
1  Karwftcei649-142  poiUMS. 

The  Batman  or  Man  is  liie  weigbl  by  'whidh  most  articles 
are  sold.  It  has  very  vadous  values  in  diflterent  districts. 
Com,  straw,  coal,  &c*,  are  sold  by  the  £arw&r. 

Siain; 

1  Niu  =  -9875  iuch  ;  1  Sen  =  131  feet  8  inches;  1  Yot=: 
9  miles.  1715  yards,  1  foot,  8  inches.  1  Chang  poaada ; 
50  Changs  1331  p9uuds.  • 

Straits  Settlements. 

The  unit  measure  of  length  is  the  yard  ;  land  is  measured 
by  the  acre. 

The  Chupakor  quart,  of  4  paus=8  imperial  gills  ;  4  quarts 
=  1  ^antang  or  gallon  =  32  gills. 

16^  Tahil  =  1  Kati  =  IJ  pound  ;  100  Rati  =  1  Picul  = 
133i  pounds;  40*Piciilssl  £oyanc:6333i  pounds. 

Australasia. 

In  Fiji,  New  Sohth  Wales,  Neyr  Zealand,  Queensland,  South 
Anstialia,  Tasmania,  Victoria,  Western  AustnJia,  the  legal 
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weights  and  measures  are  those  of  the  United  Kingdom.-  Bat 
the  old  British  measures  of  ca|)acitj  are  still  in  use. 

In  laud  measarcqieat,  a  ••sectioa"  is.au  area  equal  to 
80  acres. 

AFRICA. 
Algeria. 

The  French  metrical  system  only  is  in  use. 

Arabia. 

The  Egyptian  weights  and  oiQaaures  are  used  in  Arabia. 

•    Cape  Colony,  i 

The  British  svstem  of  \vci«i:hts  and  nioasuras  is  in  use  : ' 
excepting  for  land  measure,  for  which  tlie  unit  is  the  old 
Amsterdam  Morgeiu  equal  to  3;liGr>^  acres ;  but  it  is  usually 
reckoned  as  2  acres. 
.  X  Qape  foot  is  equal  to  l'UH5  British  foot.  . 


•  The  French  metrio  system  was  legally  established  in  Bgypt 
inl$76,  -1  ' 

Length.  In  the  old  system  in  general  use  the  Pik  is  the 
nidtof  length.  The  Prk  or  cubit  of  the  ]SriIe=20'65  inched  ; 
the  indigenous  Pik =2:2-87  inches the  Pik  of  merchandiser 
25*51  inches ;  the  Pik  of  constractaj6n= 29*53  inches  ;  Pil^ 
of  construction  =sl  Kassaba,  in  surveying  =11-65  feet. 

Surface.  1  square  Pikr=i;055  square  feet;  22-41  square 
Piks  =  l  square  Kassaba  =  15-07  square  yards;  333*33  square 
Kassaba = 1  Fcddan  = -9842  ficre.        .    '     ■  -  ^ 

Capacity,  1  KelaH  =  3-31)7  <rallons  ;  2  Kelahs=l' Webek= 
6-734  gallons  ;  6  W  ebek8=  1  Ardeb= 40*404  gallons  =  6-48  cubic 
feet.  The  Guirbah  of  water  is  cubic  metre =2*354  cubic 
feet. 

Weight.  16  Kerats=  1  Dirhem  =  1  "71)2  di-achms  ;  12  Okiehs 
or  144  Dirhems=l  Rottol=  'J821  pound;  100  Sottols= 
1  Kantarf=98':2q7^ pounds.   1  Oke=;2*728  pounds* 

.  Lil^^ia. 

The  wcights.aiid  measures  of  Liberia  aire  mbstly  .BiDitiBh« 

Ibvititis. 

The  metric  system,  decreed  by  the  Government  of  India  in 
ld7l,  came  into  force  in  Mauritius  in  1878.  •         .  ' 


uiyiii-icu  Ly  Google 


.AVBIVAV  MBASUBIiS.' 


175 


Length,    8  Tomiiis=:l  Drah  =  22  482  inches. 

Capacity,    4  Miihds=  1  Saa=  12*H2.">4  gallons. 

Wnght.  20  Uckieh  =  l  llotal  or  Artal  =  M2  pounds;  100 
Rotals=l  Kintar  =  1 12  pounds  ;  for  imported  articles.  There 
is  also  the  Kintar  u£  10$  poiuids.(100  Kotals)  for  iutcrnal 
produce. 

Oil  is  sold  by  the  Kula  ;  the  Tangier  Kula  weighs  28  Rotals 
=  47  pounds  Kugiish  =  5-2y  gpi,lona.. 

:*  ttovtli  Jlfriosii  Sepnblie. 

The  weagkta  .and,  meaaujce^  are  tUe  3ame  as  thoiie  o%  Cape 
Colony.         .    V.'     '  ; 

Timis.  ,1 

Lefigth.  The  Dhra4  or  .  Pike  is  the  imit  of  lengtlU'  The 
Arabian  Dhra&,  for  cotton' goods,  is  IU'224  inches  long;  the 
Turkish  Dhra^,  for  lace  and  silk:  the  Dhraa  Eadaseh  lor 
clotb,26*48^ inches.    The  Mil  Saharia<914d  mile. 

Capacity.  The  Kaffi8:=10  Huebas,  each  12  dah8» 
16  bashels. 

WeiglU.   100  Bottodoss  1  Cantar=:  109*15  pounds.  * 


t  AMKEIOA. 

Argentine  Bepublic. 

The  French  metric  system  was,  in  hS87,  legally  and  com- 
pulsorily  established.  The  old  weights  and  measures  comprised 
the  Quiutal  of  lui-40  ijouutja  ;  ,the  Arroba,  25*35  pounds  ;  the. 
i'anega,  li  bushels.  •  *'      "  '    "*  *' 

BoUvitf.' 

The  Vara  =  '927  yard  ;  the  square  Vara = '85!)  sqnare  yard. 

The  gallon s*74  imperial  gallon  ;  the  Arroba,  of  2')  pounds, 
=  25*3(i  pounds  a voifdupo^;  the  Arroba  for  wines  a^  spirits ^ 
6-70  imperial  gallons* 

The  oance=  1()14  ounce  avoirdupois  ;  IG  ounces=l  Librae 
1*014  pound ;  100  Libras  ^  1  Quintals  101*44  pounds.' 

Brazil. 

The  French  metric  system  is  l^ally  eBtablished*  The  old 
we^htaai^d  measures.arc  still  partly  in  use*  .  . 

Ssngth.   The  rFpiU^g^s:  1*0930.  Anches  ;  the  P4rrJL3-1236. 
indlDB^r  or  |. metre;  the  V^'ra:s?V^t^. y^ras ;  the  MUbai= 
I*29W'.ouyie9,^  3  MilhMi«Bl  Iiejp>aad*a^H  miles  £  p.Yam  me( 
TOQlciQp^  etval  tQ  jS  y^ids^ 
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Surface,  04  square  Polegadass:!  square  Palmo=:'5315 
square  foot;  25  square  Palinos  =  l  square  Vara;  4  square 
Varas=l  square  Bi-a9a  =  5*9063  square  yards;  4840  sqoiure 
Varas=l  Geira=  l*47()(i  acres. 

Wciffht.  The  Arratol  =  I'OllD  pounds;  32  Arratels  =  l  Ar- 
roba  =  82*3<S  pounds  ;  4Arrobas  =  l  Quintal  =  129-518  pounds; 
13J  Qaintals  =  l  Tonclada:=  1 5-011  f,  hunrlrcdwts.  Ship's  freight 
is  reckoned  by  the  English  ton  taken  as  equal  to  70  Arrobas. 

Canada. 

The  legal  weights  and  measures  are  the  Imperial  yard,  the 
Imperial  pound  avoirdupois,  the  Impcri.al  gallon,  and  the 
Imperial  bushel.  The  Imperial  system  is  practised,  with  the 
exception  that  the  hundredweights  100  ])Ounds,  and  the  ton  = 
2000  pounds.  The  French  metric  system  is  permissive,  con- 
currently with  the  Standard  System. 

For  sale  and  deliver}^  of  the  undermentioned  articles,  the 
bushel  is  to  be  determined  by  weighing,  unless  a  bushel  by 
measure  be  specially  agreed,  upon.  The  weights  eqaivaleut  to 
a  bushel  are  added : — ^ 


Wheat  . 
Indian  corn 
Bye 
Peas  . 
Barley  . 
Malt  . 
Oats 
Beans 
Flax  seed. 
Hemp 

Blue  grass  seed 
Castor  beans 


lbs. 
00 
56 
56 
60 
48 
3tf 
34 
60 
50 
44 
U 
40 


Potatoes 
Turnips  j- 
Carrots  j 
Parsnips  j 
Beets  j- 
Onions  J 
Bituminoos  coal  • 
Cloirer  aoed  . . 
Timothy  .  »  j  • . 
Buckwheat  . 


lbs. 

60 


60 

70 
60 
48 
48 


OhiU. 


The  French  metric  system  has  been  legally  established  in 
Chili ;  but  the  ancient  weights  and  measures  are  still  in  use. 
These  are  the  same  as  those  of  Bolivia. 

Colombia. 

The  French  metric  system  is  legally  established  in  Colombia.- 
In  Custom  House  business,  the  kilogramme  is  the  standard  of 
weight.  The  old  weights  and  measured  contmtte  in  use  in 
ordinary  commerce.  The  Arroba,  of  25  ^yanish'  poutids  or 
12^  kilogrammes;  -the  Quintal,  of  100  Spanish  pounds,  or 
50  kilogrammes;  and  the  Oai^,  of  250  Spanish  pounds, 
or  125  kilogrammes,  are  generally  used.  The  librii;;  or  •^""-^ 
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is  equal  to  1*102  pouiuls  avoirdupois.  The  yard  is  the  usual 
measure  of  lenp^th.  The  Colombian  Vara.  80  centimetres,  is 
also  used.  In*  liquid  measure,  the  French  litre  is  the  legal 
standard. 

Costa  Bica. 

The  French  metric  system  is  in  use,  and  its  legal  establish- 
ment Is  contemplated.  The  old  weights  and  measores  of  Spain 
are'in  goneral  use. 

Cuba.  . 

The  old  weiofhts  and  measures  of  Spain  are  in  p^eneral  use. 
In  engineering  and  carpentry.  English  and  French  measures 
also  are  in  use.  The  French  metric  system  is  legalised,  and 
is  used  in  the  Customs  departments.  . 

.    \  :i,  Ecuador,:  .. 

The  Fxfmch  metric  system  is  .the  legal  staodsnl  of  this 
i^uhUc*  '  . 

Ovatemala. 

;  The  old  weights  and  measures  of  Spain  are  in  general  use  in 
Guatemala.  '  *  . 

Haiti.  ■■ 


The  FrdniAi  metric  mights  and  measares  are  in  use  in 
Haiti. 

'  Hottdmw. 

The  old  weights  and  nu^fires  of  Spain  are  in  genei'al  use 
in  Honduras. 

British^  Hondnrw, 

The  British  weights  and  measures  are  in  use  in  British 
Bondui*as. 

Xexieo. 

.  *..<» 
The  weights  and  measures  of  the  French  metric  ^stem  are* 
legally  e^ablished  in  Mexico*  *  But  the  old  Bpanisb  measures* 
are  stiU  in  usie.' 

•  Hicaiagna. 

The  system  of  weights  and  measures  in  Nicaragua  is  that  of 
the  old  weights  aud  measures  of  i^pain. 

Paraguay. 

The  old  weights  and  measures  of  Spain  are  in  general  use 
in  Paraguay. 

uiyui-iuu  Oy  Google 
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The  old  weights  and  measures  are  the.  same  As.  tlioae-  oi 
Bolivia  iEind  Ghili.  The.  French  metric  system!  wtfs  established 
in  1860,  but  is  not  yet  in  common  use,  except  for  the  Onstoms 
tariff. 

Salvador. 

.  Tb^  weights  and  measures  in  common  use  in  Salvador  are 
the  same  as  in  the  old  Spanish  system.  The  French  m^tvifi 
system  was  introduced  in  I660,  ' 

'    ■    fit.  Bjpbdhgo. 

The  old  Spanish  weights  and  measures  are  in  general  use. 
The  French  metric  system  also  is  in  use.  *     '  " 

United  States  of  America. 

The  British'  Imperial  system  of  ^t^ights  and  meifsmies  is 
employed  in  the  United  States,  with- the  exception  of  tlte 
measures  of  capacity  for  df^jf-^gtSdw'tihd  for  liqnids,  which  are 
the  same  ^^,th^  old  English  measures.  The.  standi^rd  U..S. 
gallon  is  the  same  as  the  old  tlnglish  wine  galldh)  or  ^Sl  c^^ic 
inches,  capable  of  holding  8;3;,^498  pounds  of  purfe  water  of 
maximum  density,  at  39-1*  F,';  or  84  pounds  at  62**  P.  The 
UiS.> -gallon  thas;88i  "p^t  e^ut.  or  yl^s  of  tk^  Xmpexial 
standaixi  gallon.  ; 

The  chain  for  land  measdr^QOiBiiit.is  100  feet  long,  and  each 
foot  is  divided  into  tepths. 

in  City  mlBAsurements  the  inch  is  the  unit,  divided  iikto 
tenths. 

In  mechanical  meaBit3toenttf,^the  inch  is  the  unit,  divided 
into  100  parts. 

1  cora  of  wood  is  (4  feet  x  4  feet  x  8  feet)  s]28  cfibic 
feet. 

In  addition  to  the  legalised  scale  of  weights,  the  same  as 
that  of  Gr^jat  Britjiiii  and  In^land.  there  are  the  Quintal  or 
Centner  of.  100  pounds;  and  the  New  York  ton  of  2,000i 
]>ounds,  which  is  also  used  in  tlie  other  vStates  of  the  Union.. 
These,  the  Centner  and  the  New  York  ton,  have  practically 
aupersedcd  the  British  hand  red  wei^^ht  and  ton. 
•  The  French  metric  system  of  weights  and  measures  has  been 
legalised  concurrently  with  the  existing  system.  • ' 
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Table  69.— American  Standard  Wire-Qauqb. 


(Brown  and  Sharpens.) 

For  Sheets  anrl  Wire. 


Mark. 

Inch. 

Inch. 

Inch. 

Inch. 

4/0 

.4H00 

8 

•1285 

19 

•0359 

30 

•01003 

3/0 

•409r> 

9 

•1144 

20 

•0320 

31 

•00898 

2/0 

•31)48 

10 

•1019 

21 

•0285 

32 

•00795 

0 

•3249 

n 

■0907 

22 

•0253 

33 

•00708 

1 

•2893 

12 

•0808 

23 

•0226 

34 

•00603 

2 

•2576 

13 

•0720 

24 

•02(H 

35 

•00561 

3 

•2294 

14 

•0641 

25 

•(H79 

-^6 

•00500 

4 

•2043 

15 

•0571 

26 

•0159 

37 

•00445 

O 

•1819 

16 

•0508 

27 

•0142 

38 

•00397 

6 

17 

•0453 

28 

•0126 

89 

•00353 

7 

•1443 

18 

'0403 

29 

T0113 

40 

•00314 

Table  70.— Liquid  Measure  (American). 

ImperiklQtUim 

4  gills      •      .      •      •  1  pint 

2  pints   I  quart 

4  quarts  (231  ca])icjnc)ie8)'  I  gallon   -8333 

31J  gallons,    v    .  .      .  lib^rel  .      ..     .  • 

63  gallons    .      .      .    .  1  hogshead  .      . .     «   •  52^5Q 

2  hogsheads           •      •  1  pipe,  or  butt  .     «      »  105  00 

2pi^.      .            .  .  Itun  •            .      .   n  2^00 

Table  71.— Daz  liRAaaRE  (American), 

2  pints  .1  quart 

4  qnar^  (268*8025  cubic  incbes).  .   1  ga^o^. .  *9^^45  Imperial 
'  '        /  gallon. 
2  gallons*  .     ' .         "  ,      •   •    1  peck    .    1-9388  do.  peck 

4  pecks  «   1  s^truck  bushel  *96945 

do.  bushel 

Uruguay. 

The  French  metrical  system  has  been  officially  adopted  ; 
but  it  is  not  in  general  use.  The  old  weights  and  measures 
are  the  same  as  those  of  the  Argentine  Rcpublia  The  weights 
and  measures  of  Brazil  are  in  general  use. 

Venezuela. 

The  French  metrical  system  has  been  legally  established.  • 
The  system  in  general  use  is  the  same  as  that  of  Colombia. 

West  IndiM. 

The  weights  and  measures  are  the  same  as  those  of  the 
United  Kingdom, 

K  2 
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■  »  -1 


Great 


MOKEY. 

and  Ireland. 


1 1  penny  {   .  . 

.1  three] leiiny  y)icce 

.    .    1  sixpenee  . 

.    1  sliilling        .       .  . 

.    .    1  florin 

1  half-cro\s'n   .  . 

.    .    1  half-sovereign  .  . 

u'lT  ^  ^  ^     ri  sovereign,  or  ponM  \  toq.o-ik 
20^#ngs  ,.  I  .  .{^  sterlibgl    :  .      .r  .|  ^^^f-?.!^^  "i 


1  farthiiigfi 

2  halfpence 

3  pence 
•6  pence 
^2  pence 

U  .shiliin'/s 
't2J  sliillings 
10  shillings 


Wi.](;iiT."    '  i 
(i  rains,  .iid/ 

145  iJ83  btonza 
'  21-818  silver. 

87-273 
174-545 
pl8-182  ,J 


7? 


61 -(5372  gold. 


I 


"'-".i.n- 


t-totbing  . 
1  halfpenny  .  :n /  1*0:  „  r        u  ,1  J 
1  penny^i  ^   J  .    .    1*2  „ 
1  threepenny  piece    8     »>   ^  '  •  • 
1  sixpence    .      .  | 
J  shilling        ...  ^ 
1  fioVki        .•      .    1  .| 
5!»half -crown    .    .    li     -      '  ^ 

half-sovereign   .  -  f 
I'C^^reign-     •   •    li         or-*84  inch 


•I  I-.'/ 


so  >♦ 

1 


i\  or 'do  i^nch 
orl'16 


•  f 


fally. 
•fuii^ 


BronzjB  i—Cppper,  tjn,  and  zinc;  , ,  .\  t.  " 

'  Silver     Fine  silvdr;      p'eT  cent.'}  alldy,^  per  cent."  * 
Goldr:^Fi»e  gold,  .91}  per  cent. ;  alloy,  8)  per  cent.   . .  , .  . 

"  •  /  '  ''  Tnlrinsio  Value. 


«• 


480  pence  equal  to  £1  sterl^i^  , 
.  S52.iS^iUing8  eqi^a,l  toi*l^ferl^g.  .  * 

Jlintipric^  oi  Stapid^id.  Gold,  £3.  IJs,  jpi^^.^p^  o«inq« 

France.    '  *      •  /  ' 


M  1 


it,  li 


VALUE.  " 

Diameter.  Penny. 


Brorize.  .Weight. 

Qentipie.  . .  i^g-franp,^  1  gramme.    ,15  miilimetres  .  -lu'} 

'^^mm^  -'A  r?f  V  ^  ..  '  n:  '-20 

5  centimes)  .  - 

Qkou^  "      -t^*^  »'  '^^ 


4  «  > 


30 


. .  a:oo;,  'j 
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...  ...  EQtnVALENT 

'  '  Value. 

Silver:  :  W)b1^  .       Diyinielen  -  .  P)biio6i' 

20oentime8  .|  £ninc'> 'Igmmme  16  Millimetces.' . 

50  centimes   J   „      2'6   „        18        >♦  •«  "'  !--  'm'44|. 

100 oentiii^eB   1      -  *  &  •  ^  '.o;..9| 

2  francs  ,,  3   „'     10    '  „.  '     .g.' ...  U  [rf. 
o  francs  ,    o    „     2i>      „      .  37       ,„  Ilia. 

~  5  f ranos  .     1  r)  1 290  gfammeitt  .  17  miUiim^tees.  I  .*    3  1 1  § 
10  francs  .     8-22580       „  19    '    „      i.  .    '  7  Hi 

.^20  '  franc8\K  6-451B1  \       :       •*     .     •    fw  fm 

(napoleon)/    =  9 l)-r>6  grains   /  <    i  .  .  ^  »     •  , 
50  francs  .    16-12903  giiatiunes  .  28  :.      >;  '  '      1  19  8^ 

100  francs  .    32*25806      „    ^«;iS5-,'i.  „      .    -.3:14*  .4^ 

The  above  English  values  of  French  coins  are  calculated 
at  the  rate  of  25  frames  20  centimes  to  £1  sterling.  The 
standard  fineness  of  the  gold  pieces  is  90  per  cent.j  with 
10  per  cent,  of  copper.      "  .      .    .!i      .    -  • 

A  Monetary  Convention  exists  between  France,  Belgium, 
Italy,  Switzerland,  and  8pain,^  attppting  the  gold  and  silver 
coins  above  noted.  .-iTi^y  » 

The  mark,  of  100  pfennigs^  is  a'  siiven  «oin  of  the  value  of 
llf  pence.  The  10-raark  gold  piece  is  of  the  value  of  9«.  d^d, 
Endi^h  money.  The  20-mark /gold  piece  is  equivalent  to 
19.'<.  7(L  :  it  weighs  122-9:2  grains.  One  thaler  is  nearly  equal 
to  3  marks ;  it  is  equal  to  3  shillifigsa. '     .     ,  '  '  v^^  ^  ^  ^  > 

'     Other  Countries  in  Europe^.  / '  * 

MtdgmnL—lilxe,  mbnQlary  system  is  the  eauie  as'  ,that  of 
France.  .  .  *, 

Dcnvmrh, — There  », a  decimal  sy^tem-of  currency. .  l.kione 
=  100  ore.    ldkrones=jfl.   '      :  f  ^    V     '  ;  ' 

6rmY*6'.— The  drachmae;!  franc;  ari<^  100 lepta=l  drachma 

Italy-— '^^^  mohetajy  fysf  ern  is  tha'sai^e  as  th^t  o|  France* 
The.lira,  of  100  centesimi,.  =  I  f  ranc.  , 

!%€  jS^tthn'la7ids.— The  guilder  or  floirin^  of/ lOO  cents,  =:* 
U.      EnglUh  ;  or  12  guilders  =  £1.'    .  \ 

Portugal . — The  milreis,  or  1,000  rois,*  =  4.^.  51^/.';  a5>oat 
1^7  milreis  =  CI  ;  ISJ  reis-  1  penny.  One  cordaj^gold  coin)  = 
10,000  reis  =  d&2  l.s\  ^yhfl.  ;  and  vvtughs  17'/',*}.")  grammes..  [ 

Roumania. — Tlic  French  decimal  nionetary  system^is  piac* 
Uiied,  oi.  which  thjB. unit  ij^i  the  lpX=^jl  fr^        .  . 
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Mmna. — The  silver  rouble  =  100  kopecks,  is  the  legal  unit  of 
mon^=3#.  2'054ij«  English.   There  are  three  gold  coIbs  ;  the 
three-rouble,  fiYB^iodble,  and  ten*ioable  pieces.   The  marc  of  • 
Finland  =1  franc.  '  •  '  • 

Servia. — ^The  French  monetary  system  is  adopted*  Thfe 
dinars  1  franc.   The  gold  milan  —  20  francs. 

Spain, — The  peseta,  of  100  centimos,  =1  franc.  It  is  equal 
to  4  reals,  of  which  there  are  about  100  to  the  £1.  The 
■25-peSeta  piece  is  19.?.  9^d,  English  value. 

Sweden,  Norway. — The  Swedish  krona,  of  100  ore,  =  1.?.  \\d. ; 
or  18  to  £1.  Norway.— »The  krone  is  of  the  same  value  as  the 
Swedish  krona. 

Switzerland. — The  French  monetary  system  is  legalised. 
The  franc  =  10  batzen  =  100  rappen.  * 


Turkey. — The  lira  or  gold  medjidieh,  of  100  piastres,  s= 
18#.  064^.   The  piastre =2-16<i. 


circulation.  Tie  finglisb  sovereign  is  equal  tp  12  scam ;  the 
shilling  k  equal  to  7.  tan,  4  gxaiu  (20  grani=l  .taro>, 


1  piastra,  of  40  para,  =  1*4^.  English.  Turkish,  English,  and 
French  moneys  also  are  in  circulation* 


Ceylon. — ^The  rupee  of  British  ,India,"  with  cents.  The  ex- 
change  value  in  1887  was  \s.  6rf.  ' 

China.— Th&  haikw(in  .t^^:}0  niao^^^lOO  candereens= 
1,000  cash.   Bate  of  exchange  in  1887,  0\d. 

Butch  But  Indies.  —  Java.  —  The  guilder,  or  florin  = 
100  centen=l«. 

Himg  JTrm^.— The  Mexican  dollar =100  cents ;  averages  Tate 
of  exchange,  3^.  2d.  The  Chinese  taels4«. 

/wrfi^.— -The  pie=J  farthing;  3  pie=l  pice=lj  farthing; 
4  pice=:l  anna^l^i^. :  16  annas=16  rupee=r2*.  15  rupees^ 
1  gold  mphur^SO^.  100,000  rupees  is  a  lac  of  rupees;  10 
millions  are  a  crore  of  rupees. 

Japan. — ^The  yen,  or  dollar, of  100  sens;  nominal  value,  ; 
real  value  (1887),  3*.  4rf. 

Persia kr^n  is  7^/^.-20  sh&h!s  ;  1  shahi  =  -3582^. 

Siam. — 1  tical  or  bat  =  fi  i  atts  ;  rate  of  exchange,  2*.  Id. 

Straits  ScttU'ments. — The  legal  tenders  are,  the  dollar  issued 
from  Her  Majesty's  Mint  at  Hong  Kong,  the  silver  doUalr  of 


HUta. 


Cyprus. 
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Spain,  Mexico,  Peru,  Bolivia,  the  American  trade  dollar^.and 
the  Japanese  dollar,  or  yen. 

Australasia. — The  nioncyii  are  the  same  as  those  of  the 
United  Jiingdom.  ,  » 

AMea. 

• 

Alfferia. — The  French  monetary  system  is  practised. 

Cape  Colony, — The  English  monetary  system  is  practised. 

JBfffj)t. — 1  {HAHtre  (tariff)  of  10  dimes  or  40  {)ara8t=2*4Gl 
pence;        piastres  =  £1  sterling;  100  piastres s: £1  Egyptian 

£1  Q«j  6^.    1  piastre  (tariff)  =  2  piastres  (cttTreiit).  . 

Liberia, — Chiefly  British  money  current. 

Madagasca  r. — The  only  legalised  coin  is  thesilver  &ve«lranc 
piece.    The  Italian  iivc-lire  piece  is  accepted. 

Mauritius. — The  Indian  rupee  is  the  siaudard  coin. 

MuroecOt-^  floos        =1  blankecl  or  muzoona  =  '09  penny. 

4  blaukeels  =  l  ounce,  or  okia  —  '38  • 
.  lUomices    =::3lmitkai  =^08  „ 

Spanish  and  French  money  are  current  in  I^Ioi  ucco. 

Tunijf. — The  piastre,  of  16  karubs  ;  average  value,  6(Z^ 
Spanish  and  French  money  are  current  in  Tunis. 

Zanzibar, — The  Indian  rupee  is  the  coin  universally  current; 
though  there  is  a  special  coinage  issued  under  the  authority  of 
the  Sultan,  of  which  the  doUai!  is  the  unit,  o£  equAl  vaUte  with 
the  American  coins. 

Argentine  llepuhlic. — The  silver  dollar  of  100  centesimos  ; 
average  rate  of  exchange.  4^. 

Boliria. — The  boliviauix  or  dollar  of  loo  centesimos.  struck 
on  the  b%sis  oX  the  five-fiunc  piece.  Present  value  (1887), 
4^.        . . 

Bi^azil. — The  miireis  of  l,000  reis.    l*ar  value,  2jf.  3//. 

Canada. — The  dollar,  of  100  cents:  rate  of  exchange,  4.t. 
The  value  of  the  English  sovei-eign  is  by  law  equal  to 
4  dollars  and  8()5  cents.     *  •  • 

Chili. — The  silver  peso,  of  lOOcentavos:  nonjinally  1  dollar, 
but  actually  coiiied  on  the  basis  of  the  hve-frauc  piece  ; 
value,  3.?.  4:d. 

Colombia. — The  peso  or  dollar,  of  10  reals  ;  actual  value, 
3#.  4id.  ;  nominally,  4j. 

Costa  Ilica. — The  dollar  of  100  ccntavos ;  nominal  value, 
is. ;  present  value,  3.v.  C)d. 

Equador. — The  monetary  unit  is  the  suer6,  equal  ta'a  ftve* 
f Banc  piece.   Average  rate  of  exchange,  36ipetiCO.' 
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,  GMotemald,  —The  dollar,  or  piaster,  of  100  oentavas ;  iippiozi: 
iiiate  Taliie,  4jr. 

JLUtu — The  dollar,  or  piastre;  nornhnl  yalae,  4«.'|*ieai 
Valoe, 

Hwndwrat, — The  dollar  of  100  eents ;  nominal  yalue,  4#. ; 
real  yalne,  St. 

Mexico. — ^The  sUyer  peso  of  100  cents ;  nominal  value,  it. ; 
real  value,  3«.  \\fi. 

Kutaroigma, — Ihe  same  as  foe  Hondmas* 
i  ^mrmguof. — The  peso,  or  doUarsrlOS  oontaTOS;  nomikal 
Tialne,  4^ . ;  real  Talae,  'Ab, 

/Vrrt(.~.The  sdb^iOO  oeatesimas  i  nominal:  value, '4>t.  *;  'real 
value,  3#. 

StUvador. — The  peso,  or  piastre,  of  '8  reals ;  spprntimlite 
value,  4^.  ^d.   The  dollar  of  100  centavos,  ' 

tSan  JJ(/nnngo» — The  same  as  for  Spain*: . 

Unltid  iStaU^.^'Eiia  dollar4rf  100 cents.  Par  mlue,  i»*»2d.; 
or  £1=4-866  dollars. 

Uruff  n  ay. — The  peso,  or  dollar,  o£  100  oenteras*;  ktppioximate 
value,  U.  '6d.  ;  or  £ls4*70  dollars. 

Venezmla. — The  venezolano  of  100  centavas ;  appitndmate 
viilue^  3*.  id.   The  boiivar=  1  franc.  •  »  - .»  . 


>       8F£Cmp  a&AYITY,  WEIGHT,  AKJ>  VOLUMS.  ' 


Density  of  AXbaf%.tM,  Amalgams. 

:  Messrs.  l^\  Cra^o-( Silver t  aud  Bichanl  Johnson  investigated 

the  conductibility  of  heat,  tenacity,  haixiness,  and  expansion 
of  alloys  and  amalj^ams  formed  with  pure  metals,  according 
to  the  law  of  equivalents,  and  that  of  multi])le  preparations, 

the  results  of  which  are  recorded  in  Table  72.  It  'V^^'as 
discovered  that  all  alloys  of  copper,  in  course  of  formation, 
make  a  contraction  of  volume  ;  whilst  all  the  amalg^ams 
dilate  aud  have  less  than  the  mean  density  calculated  in  terms 
of  the  densities  and  proportions  of  the  elements.  Also  that 
the  maximum  contraction  or  dilation  of  an  alloy  ,  or  an 
amalgam  takes  place  generally  when  an  equivalent  of  each 
metal  is  taken,  except  in  the  case  of  tin  and  zinc.  These 
general  results  are  attributable,  no  doubt,  to  the  fact  of  all 
the  alloys,  except  these  last-named,  being  combinations,  no^ 
mixtures.  tSome  alloys  have  exceptionally  great  contraction 
or  dilation.  Thus,  the  alloy  of  3  equivalents  of  copper  to  1  of 
tin,  has  Ji-'J54  density  ;  calculated  as  a  mixture,  its  density- 
would  only  be  6*206.    The  amalgam  of  one  equivalent  of  tin 
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with  one  of  mercury  dilates  by  one-tenth  of,  the  d^i^^^^^^^'T 

I      •        ,  I 

■  TabitK-^. — ^Mhtal»  :  Bpbcipio  Gravity,  W«WHn^  ^flftr-, 
I  ,  -  /»  Volume.  \ 


aravity. 


Aliilbiniam,  Wrought 

Antimony..  ;  .  ,  . 

Ar3<^nic  , 

Bismuth       *  .      .  '  . 

Bre*,  cast  . 
75  copper.  25  zinc,  isheet 
6tf     „  ^  34    „  ^'jrdllow 

Brass  wire  '  ,  *     >.      J      .  . 

Bronze: —  ' 

84  qopperi.^^  tin,  gm  metal . 

83i  17  ^    „.  -  "    .  • 

81      „  1<> 

79  „ 

.^.>  „ 

-IX'         <  izsr      1. speculum  I 

Calcium  '/*  . 

Cobalt  .    ■  V     .         •     .  • 
Chromium 
Copper,  sheet 

hammered 

M 

M  Wire  .  .  .  . 
'  Gold  .  .  .  f''^  ,  .  . 
]  Iron,  cast  i-^  •  •       -v -t 

white    • . ..  1      .  . 
i    Ki'ev  .  *  .       .       .  . 

hot  blast  .... 
I  „  14th  melting  .  . 
f  mean,  for  ordinary  calcula-  ) 
tions  .  ...  .1 
■  Iron,  wrought : — 
^  common  bar,  rails  • 


*21  „  mill  bearings 
65  „  small  bells  . 


2-67 

Stem 

6-  71 

•0-90 

•  8-10 

•  8*4:) 

.8-30 
8-20 
8-55 

.  8-5() 
8-4(> 
8'4(> 
8-7H 
8*0() 

7-  3U 

7.-45 

1-5S 

s-r»u 

()*00 

8-  81 
8-92 
8*88 

19-24 


7-50 

7-20 
r>-97 
7-5H 


722 


7  .1 


Weitrht  of 
One  Cubic 
.  Foot. 

Came  Feet 

VOx  XUII. 

Pcnuida^. 

Cubic  Ft. 

107 

18*44 

160  > 

14-02 

418.. 

5-35 

on  I  .) 

/•IT 

o  o5 

xi  irs  !• 

■x  to 

.O^  ^ 

i)lo 

1  >  ft 

hill  *' 

oil'  • 

533 

4*2t) 

• 

i).i4  ' 

4  1 

.too 
1)  Jo 

•t  + 

"  1  1  • 

;)44 

4  1  1 

+  +•) 

.461. 

465  I 

.) 

"v  '-l  n 

H74 

5*98 

549 

4-08 

4  •02 

4*04 

X  ^  VJI V/ 

1-87 

468 

4-79 

449 

4-9))  . 

485  - 

•MB  ! 

470 

.    4-7.7 '»  : 

450 

5-00 

186    sPBOiFic  MkmYf  Wbig^^t,  and  volume. 


Table  72,-- Metals:  Specific  Gbavity,  Weight,  A»Dr 

Volume  (eontinuedS) 


»  1 

• 

MXTAZ.8. 

Specific 
■  Gravity. 

Weight  of 
One  Cubic 

Cubic  Feetl 
per  Ton, 

Waler^l, 

Pounds. 

Cubic  Ft. 

Trnn  wiT>ncVit.  Ci^tittf  inupiJ.^  «,  . 

paddled  slab  .      .      .   .  j 

7*53  to 

4(59-5  to 

4-77  to 

7-60. 

474. 

>4-72 

477 

7*76 

484 

4*63 

T,r\w  Alr^nT  T'klnfnc  "flii/^lr 

1  Ox 

4.97 

fi*1 4, 

4*4-1 

tndMin.  for  OTdinATv  f*&lftiila-  ) 
tions       .      .      •      .  ( 

.7-70 

• 

480 

4-66 

Lead,  milled  sheet  « 

11*42 

.712 

3-14 

„.   wire  .... 

11-28 

704 

318 

Lithium  

•59 

37 

6-08 

Magnesium  .... 

f  1.74 

•  108-5 

20-63 

Manganese  .      .    '  . 

8-00 

'499 

4'49 

Mercurv  

13 -no 

849 

2-64 

Nickel,  hammered    .        .  . 

8-67 

541 

4-14 

„     cast     .      .'   •  . 

8-28 

516 

4-34 

Platmum  

•  21*52 

1342 

1-67 

r  Potassinm  

•86 

53-6 

41-65 

Silver  .      .      ,     ' .      .  . 

lO'.lO 

6-55 

3-42 

•  Sodium  i 

•y7 

60-5 

3701 

;  Steel : — 

blistered  

7-82 

488 

4'59 

crucible    .    ;  .      .       .    .  « 

7-84 

489 

4-58 

cast      .      *      .      •  • 

7-85 

489-3 

4-57 

Bessemer  .      .      •      •  . 

7-85 

489-6 

4-57 

.   fpir  ordinarj.  calculations 

7-86 

490 

4:57 

*  Till'  >    .      .      •      •  •     .  . 

7-41 

462 

.4-84 

,ZiiiC)  sheet     • .      .      .      .  ' 

7-20 

449 

4-99  1 

• 

^    )y  cast    .      .      •      •  . 

6-86 

428 

5-23  1 
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(F.  Crace-Calrert  and  K.  Johnson.) 

If  AliliOTS  OF  6BBATEB  THAN  CALCULATED  ilEAJH 

djbnsity  :  Wit;^  contractiok.  • 


Alloy. 


JL-LL 


1.  Copper  and  Tin  (bipnue) 
Cu  Sn» 


Proportioni 
per  cent,  by 

-vi^'.rr^- — ■  


CuSn* 

« 

Cu  Sn» 
Cu  8n* 
Ga  Sii 


f  C  9-73  I 

-  I  T  90-27  ( 

■,i  1  C  11-86  i 

'  i  "|  T  88-14  J 

C  15-21  I 

';"(  T  84-79  J 

.>  (  C  21-21  I 

.  I  T  78-79  1 

1  1  C  34-98  I 

fT  65-02  1 


Sn  Cu* 


(  T  51-83  ( 
•    •    I  C  48-17  J 


Sn  Ctt* 


Sn  Oafi 
SnCu^" 
Sn  Cu" 
Sn  Cu**> 
Sn  Cu^ 


.1  T  38*21^ 
j  C  61-79  / 
/  T  31-73  I 
i  ^  C  68-27  ) 
;  (  T  27-10  i 
'  j  0  72-90  ) 
'  I  T  15-68  I 
M  C  84-32  j 
1  i  11-03  I 
.  I  C  88-97  1 
I  T    8-51  \ 
I  C  91-49  / 
(  T  .  6-83 
I  C  93 


Denvit: 

ob- 
tained. 


7-517 
7-668 
7-606 
7-738 
7-992 


5-83  ( 

vn  J 


2.  Copper  and  Zinc  (brass) 

/in  Ou    .      .      ;    •  ^  ^  z  17-05  ] 

I  ]  e  79-50  j 

-  •  •  iz  20-44  ( 

i  1  C  74-48  I 


Zn  Cu* 
Zn  Cu» 


•  I )  Z  25-62 


8-^^3 

8-948 
8-965 
8-832 
8*825 
8-793 
8-820 


Density 
Ute4. 


7-431 
7-462 
7-614 
7-680 
7-805 


8*208" 

8-306 


8-874 


8-545 


8-615 


8-634  I  -159 


Diffe- 
rence. 


086 
096 

■ 

092 
158 


187 


v*474'' 
"  ■  *746*^ 
•642 
•091 
•287 
•210 


8-677 


8-673  j  8-453 
8-650  8-387 


8-576 


8-290 


•143 


11  • 


-220 
•263 


•286 
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•Table  7d;--l>£NsiTT  OP  alloys^^  ii^i>  Amalgams 


Alloy. 


2.  Coj)pcr  and  Zim\()>jN^ 
ZnCu« 


PWpOttlDlLS 


Density  DeiLSity 


ZnOu 
■      •  . 
•  « 

Ca  Zn» 

'I  - 

Cn  Zns 

• 

CaZn« 

♦  • 

Cu  Zn» 


•I  J  C  <)()-0(>  ) 
(  C  49-82  ( 

I  z  no-.-iS  J 

•     M  C  82-74  I 
•  -  I  Z  ()7-2(>  \ 
•  i  f  0  24-(;4  / 

z  7:>-8i; ) 

'  •       t  C  liK)7  ( 

♦     *  j  /  Z  80-43  I 

i  C  l(;-30  I 

/  Z  S3-70  ) 


8-4S8 
7-808 
7-859 

* 

7-736 
7-445 
7-442 


calcu- 
lated. 


DifTe- 
reuce. 


8-m 

8-319 
7-489 


•359 
^">ll 
•370 


7-334  '  -401 


7-237 


7-174 


•208 


-208 


3.  Copper  and  BUmuth. 

CuBi.      .      .      .  » 


■  r 


4.  Copper  luid  AutimdJti/. 


7-3i^ 


,  -604 


5.J  yS»  and  ^wm?.,,., 
Zd  Sn« 


Zn  . 

Su  Za2 
SnZn»  . 

« 


Su  Zn» 
Sn  Zn»o 


I* 

(Z 
t  T 

•  -'iz 

f  z 

i  It 
»  •  •  't  z 


21-65  I 
78-35  j 
85-60  ) 
64-40  ) 
47-49  I 
52-51  / 
87-57  ( 
62-43  ) 
81-14  / 

20-57  I 
73-43  ) 
i  :»-32  I 
84-68  i 


I 


7-274  7-193 


7-262 


7-134 


7-188!  7-060 
7-180  7-021 


7-140  <i-974 


081 
128 
128 
159 

IGl 


7135    (i-927  -208 
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TIble  TS.—Bbnsitt  op  Allots  and  Amalgams 

Ceimthiutd\ 

II.  ALLOYS  AND  A3IAL(iAMS  OP  LESS  THAN  CALCULATEL ) 


.AIEAi;  DENSITY  :   WITH  DILATATION. 


I»J*>  1  JiJi 
AlXOT. 

6.  MereuTp  ami 
Hg  Stt*. 

HgSn*  r 

Hg  Si*  i . 


Proportions 
per  C€nt.  by 
Weight. 

  - 


I  » 


Hg  Sn« 


1  M  ()2-li7  f 
•  n  T  J 
.'•;:  iM  45-88/ 
/  T  54-12  I 

\  M  :i<;-is  / 
I  T  <;:i-,s2 ) 

I.  M  29:84  / 
)  T  70-1  f>  I 
:  (  M  25-88  '/ 
i^'i  T  74-02  A 


Deiiaity'  Density 


Diffe- 
rence. 


10-255  111-259  1 1-004 


« 


t  I  M  22-1)8  ( 
•    )  T  77-02  f 


9-314 
8-805 

8312 
8-i51 


lO-l.ae  -866 


9-569 


8-88» 


:-768 


7.  Mt^rcury  a/nd  Biavtuth. 
HgBi    .     V     .  . 

Hg  Bi3  \  '  .  .  . 
HgBi*      .    '  : 


HgBi^  . 


(  M  4844  ) 
I  B  51-5(i  1 
t  H  81-82  / 
I  B  <)8-18  ) 
1  M  28 •8()  ( 
/  B  7(;-14  ) 
\  M  iy'08  / 
)  B  ^0-97  ) 
(  MJ15*82  / 
/  V  .84-18  / 


11-208 

11-638 

vj 
•430 

10-693 

11-007 

•314 

10-474 

10-704 

•230 

10-350 

10-522 

•172 

10-240 

10-410 

•170 

iii,  

11-804 

11-94^ 

•640 

7-271 

7-470 

•201 

7 -3  71) 

7-606 

4 

•235 

7-501 

7-801 

•240 

7-829 

»  •? 
81U2 

-273 

8-364 

8 -630 

•268 

8.  Mercury  aHd  Zino 


1  i 


9.  Amkimony  and  Bismuill 


Bi  Sb* 
Bi  Sb» 
Bi  Sb* 
Bi  6h 


•  I'- 


T 
t  • 


9  24^81  I 

B  29^2Q  ( 
A  70-80  ) 
B  3648  I 
A  64-52  f 
B  45-21  I 
A  54-79  ) 
B  62-26  / 
A  37-94  ) 
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Table  73.— Density  of  Alloys  and  AMXi^^m^ 

(continut'd). 


1 — ~" — 

Proportions 
per  cent,  by 

Donsit} 
ob- 

f  Dens  it) 
calcu- 

'  Diffe- 

9.  AntiTiiony  and  Jii9miUh 
(continued), 

BbBi«       .      .  . 
SbBi»    .      .      .  .  , 

fib  Bi* 

f  A  23-26  ) 
1  B  76-74  J 
f  A  16-81  1 
/  B  83-10  f 
1  A  13-17  1 
)  B  86-83  J 
(  A  10-82  ( 
1  B  89-18  J 

• 

8-  859. 
9*095 

9-  276 

•7  00«7 

r 

mi 

9-277 
9-391 

•218 
•182 
•119 

10.  Bumuth  and  Zine,  • 
Bi  Zn  .       ....  •.• 

l^L  

9*046 

III 

-086  1 

11.  Tin.an^ 

1  •  1 

'  j  L  26-03  i 
)  T  73 -1)7 1 
(  L  30-57  { 
]  T  Gli-43  1 
]  L  3G-99  ) 
1  T  63-01  ] 
\  L  46-82  i 
)  T  53-18  i 
i  L  63*78  1 
1  T  36-22  j 
)  T  22-11  1 
1  L  77-89  1 
i  T  15-91  / 
1  L  84*09  f 
J  T  12-43  i 

j  T  10^20  } 
]  L  89-80  J 

^8:093, 
8-196 

• 

8-418 

8-  774 

9-  4o8 
10-106 

la-m 

8*367 

T*  1 

•O  ft  ^  1 

PbSn*       .      .  *1 
Pb  Sn»  .      .      ."  . 
Pb  Sii»      .      .  . 

t 

PK  Qn 

Sn  Pb^      .      .  '  . 

8- '6^ 
9*232 

1 

9-  938 

■ 

io-6a^ 
liiii&H. 

-862  1 

■ 

•406  1 
•468  1 
-480  1 
-420  1 

I  *  • 
Sn  Pb*  .... 

 \  :  

IQza&Z. 

10-751 

-266 

• 

12..  •  Zea4  tma  Aifp^iumy^ ' 
Sb  Pb»      .      .  '  .  . 

t  • 

'  1 

SbPb*  .      .      .  . 

m 

SbPb*       .      .  • 

• 

»             1  •  • 

• 

/  A  11-08  I 
\  L  88-92  ) 

\  L  86-62  1 
(  A  17-20  1 
)  L  82-80  f 

10-556 
10-387 
10-136  . 

10-919 

10-629 

-363 
•418 
•493  j 
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TjLBJ4^7^.rrfiVf^'^^        ALLOYS  AND  AMALiGAM3 


Alloy. 


12.  Lead  and  Ant i many 
(eaniinued), 

6bPb«  . 

S>>  Pb  .  .  ■  . 

Pb8b»  .  .  .  .. 

♦ 

PbSb*  . 

Pb  Sb* 


Proportions 
per  ceut.  by 
Weight 


j  A  23-68  I 
I  L  7(5 -32  f 
f  A  38-39  ) 
I  L  61 -(U  ) 
i  L  44m3  I 
/  ^  55-47  j 
1  L  34-86  ( 

•  I  I  A  65-14  ) 
I  j  L  28-64 

•  i )  A  71-36 
j  J  L  24-81  ( 

•  1 1  A  75-69  ) 


Density 

ob- 
talMcU 


9-723 

8*953 
8*330 
7-830 
7-525 


7-432 

►  •••'If 


Density 
caicu- 
Uied. 


ld-321 
9-624 
8-959 
8-355 
8-059 
7-854 

•  . <  .•••<:» 


Diffe- 
rence. 


•598 
-671 
'629 
•525 
-534 
•422 


Table  74.— Sxoi^Es  :  Specific  Gkavity,  Wbiqht 

AND  VOLUMK.  '  * 


< «  t  I  J 


1  »<■ 


Alabaster,  calcareoua 

it  gypseous  . 
Barytes  . 

Basalt. 


•  » 


aiT'-driecT 
[Diambiid 


*  • 


Limestoae  . 
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Tablk  74.— Stones  :  fc^FECiFic  Gravity,  Weight 
AND  Volume  {continued^  ^ 


Marble  : — 
.  African 
British  . 
Carrara 

Egyptian  i,a*eeii 
.  Florentine 
Freucli  . 
Mica 


Oolitic  stones 

Ores  : — ' 

.  iSpicular  orrediron'ore 
iMIagnetic  iron  ore 


.:./ 


Clydesdale  iron  ore 
Poltw's'stuue . 


( 


QuarU  ^       •      •    •  I 

broken  up  and  heaped 
„  .   quarry  debris 
RQckcrjstaT     .  *  >. 

Sandstone    •  .* 
Seirpentine  '..  r 

Slate  . 


• 

•I 


■    ■  I"  •• 

Talc,  steatitx*.     .  | 
Tr^P,  toachst^e  . 


Gravity. 

Water =1. 

2-80 
2-7I 
2-72 
2-67 
2-52 
2'Br> 
2*93 
1-89  to 
2-60 

5-21 
5-09' 


,305 

2-61  to 
2-71 

1-  47 

2-  ()r> 
2-04  to 

2-70 

2  0U  to 
2*8."i 
2-70 
2-72 


Wdfditof 
cue  Cubic 
Foot 

174-G 

16H-5 
167-1 . 
165-2 

183 
118  to 

162 

327-4 
317-6 


238*8 
190-5 


1G2-8  to 

122 

yi-4 

165-4 
127  to 

ir»8 

1 75 -2 

n;2-i  to 

177-7 
Hi8-4 
169-G 


Cubic 

Feet  per 
Ton. 


Cubic  Ft  I 


lj2-8 
13-3 
13-2 

13-  5 

14- 3 
13-6 
W-2 

IS-D  to 

6-  84 

7-  05 
k9'16  - 

W8 

11-76 

13-8  to 
13-3 
20 
24-5 
13-6 

17-  6  to 

13-3 

12-8 

18-  8  to 

12-  6 

13-  3 
13-2 


!ARTTFTOtAL  Stones. 

aisom's  siliciOT 


Appenite  : — Uafiisom's  silicions  / 
dtone  (silica,  soda,  water)  .  J 
Concrete ! 

Portland  cemeut  1>  .and  ( 
shint^le  10'     .     •  .       .  ) 
Portland  o<tment^.  ju^ble,  ( 


1-60 


2-23 

217  to 
2-25 


99-7 


139 


22-5 


16-1 


135  to  Ui-O  to 
'     140    \'  160 


* 

Ta  hi.e  74. — Stonks  :  Abtipioial  Stokks  (eovtinin'd'). 


.  .  Portland  ccmout  1,  audi 
sand  2    .       .       .  .1 
Konuin    cenieut    1,    and  / 

san<]  2        .       .       ,    .  \ 
Victtn*iast()ue(crusliL'd<^ranite,  / 
Portland  cement,  silica)     .  \ 


204 
1112 
2-31 


127 
120 
144 


17-r. 


lS-7 


I  Tabus  75.— 


Weight  and  OumpoIution  of  Buildh^g 
(Gwjlt.) 


»  «  I 


1.  G&AKITKS. 


Stiriirig'Hill,  Stirlmg  . 

High  -Rc^ck,  Breadal&De  . 

Blftck  eiir;  Btirling  . 

Dalkey, '"Dublin       .      .      .  * 

Bats/BHsadalbftne 

Haytoi^,  Devonshrre  .... 

Blue  Pcnmaenmaur,  Carnarvonshire 

Aberdebn  Grey,  Aberdeenshire 

Cornish  Grey,  Cornwall  . 
Reel 


.  * 
* 


1/  . 


•  '       •  idfl-d 

Hui'2 
1(»0-1 

..  l(»4-0 

•  .1'  1" 


/ 


Average 
2.  Limestones. 


Beer,  y^vonshirc  . 
ChilmsiilE,  Wiltfshire.. 
Hoptoji  iVVood,  Pej-bysUire  . 
Sea  '(y^mbe,  Doi^tshiie  • 
Suttonj  Olamorgapshire 
TottiMBihoe,  Bedfordshire  . 

Average 


,         MAGNESIAK  LiHESTONBft. 

Bolsovefj  Denbigh       .      .      .  ' 
Broadswofth,  Yorkshire  . 
Cadeby  „ 


I  - 


.  .  •  •  -  II 

.1  .,131-7 . 

mo 

.  ; 


441-2 


I38?fi  r 

12(1-6 
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Tab  r.E  75.— Wei  a  h  t  akt)  CoMPosiTroil''og-  Bu^iiTtfl^ 


STOtfBS. 


'Ml 


'    '»••"'*••!  »t(rilgi,Vof  One 
.  i  '  OUWc  Font. 


3.  Maon^SIAN  "LmwiOfiES^ieontinue^, 
HucUlleBtoif^ .       «.    ..    .  li'    .;i  'l-^ 
Roche  Abbey 
Siaaw€B 


1"  '"JST-H  •: 


4.  Oolitic  BrbXES/ 
Aiicasier.  Lincolnshire  . 
H?rrnatjir  MTl1.  NorthTiiii[Hiiiiylill'U     .      .  . 
Bath  Lodge  Hill,  Somersetshire  . 
Bath  Baynton  „  .... 

r>ath  (Drew's  Quarry)  „ 
Oraumore.  Wiltshire 
Haydon,  Lincolnshire  . 
Ketton.  Kiitlandshirc  . 
Portland 

Tayjitoii.  Oxon..  .... 

Wa^)  Tprkshire   .  * 


>4 


131) -2 

128  ♦(» 
122r, 
184-2 


Wiiulrttsh,  Grloucestershir^ 

'  Average 


5.  SANDSTONfiiS. 
Abercarhe.  Monmouth  .  "     .  *  , 
Barbadpcs.  Tintern,  Monmouth    .  .  ?  / 
Binnie!  Linlithgowshire       •     '  . 
Bolton's  Quany,  Yorkshire       ,  , . .  . j.j 
Bramley  Fall  „  •  '  . 

Calverley,  Kent  . 
Craiglcifh,  Edinburgh  .       .  " 
Craw  P)ank,  Linlithgowshire 
IHittield.  DL'rhysbire 
Duke's  Quarries,  Derbyshire 
Elland  Edge,  Yorkshire 
Ga^herley  Moor  „ 
Gatt-on,  Sui  rey      .  . 

Glammis,  Forfarshire  

Heddon.  Northuuiijerland  ;  *  "I 
HoUington,  Staffordshire. 


.  .  .  .i-ii-b.Miao-tt  -1 

.  \  r  .ia0ft;ii.4lf?: 

.*•.  i:4;..'ha>r<}t  ]iH2:*r)i 

, I  .  {CI  *  >    ;•»  » »  ''"t.!  • 


• » I :  , 


Dw-O 

i4r>-7 

1+01 

120-7 
142-2 

;  '  ris-1 

I.  .}  ^^2\H 

L-<i  iH2-n 

•f       1 14-5 


1 '  I  >  I '  III 


1 5?^'2' 
185 -8 
108-1 

ii;i-i 

180-7 
18H-1 


Humbie^  Linlithgow 


V,  V  white,  140-2 


»  t 
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TABJjE  75y-— W^lIUHT  AND  CfXMPOSlTlON  01?  BUILOING 

*  *  *         '   SioNES  ictmtinuedO  '     '     '  '  * 


"StonesT 

•I. 


Cubic  Foot. 


.  r  I 


r>.  Sandstones  {cojUimed), 
Loiigaiiiict,  Perbiiehire .  -i  .  .:i .  .-i  . 
MnnlocliY,  llosH-shire  „»  . 

MyliR'ficld,  Perthshire    '*.   '  I  .  .  -  . 
Park  Spring,  Yorkshire ;i 
Pensher,  Dinlmm     .  !.\  .    •»  .  . 

Pj'ot  Dykrs.  Forfarshire  ;  .'*  .'i 
Scotgate,  Yorkshire  .  ' »  .  ,  " 

Stancliff.  Derliysliire    ,       .       .  i 
Stenton.  Dmliani      .       .   "*  .       .  . 
Whitby  CumpaiiY'V.  Aissljiby,  Yorkshire 
.     »»       . . Egtoii 

„  '    Sneaton        ??  • 

. .    Newton  D.ale 


r 


181-7 

/  .    1  (>()•(; 
\m-i) 

151-1 

l."8-() 
I..  .  148-2 

•  ..J  42-5 

•  •  12(>-7 
'   '  1270 

.  JH4-H  ! 


(>.  Mabbles.  ' 
i^ack,  Kilkeim.Yj,.;   -i-.z/r..,  .-^   ,,.,.,,.•)/!  ;7l7^-4 
Tiree,  Hebi-idcs  .  ,  .J  ,*"l72*3 

1(;sm; 
— rnm^ 

l(»3-4 


^Carrara^S t at  1 1 ary),  Tu.scan.v  . 

Kavaccione  .       .       .       .       ,  , 


Average  . 

,  ♦   '     •      I      "     :    •  •  7.' 


iuy-0 


■  i  1  / 


(jcut^ral  Ctn^fjJp^ithh  of  tlie  abt*Te  Stoned. 

—  —  — ij  -.  .  . 

roil,.  ■]  • 

Total. 


1 

I  < 


Carbonate  !  Ma*;- 
or 'Lime.  •   i  Jicsia. 


.  Bilica. 


Iron 
Ahiiiifim,  ■ 

Water, 
and  Loss. 


—  I- 


Limestones. , ;  . 
Do.  Hagnd«5jau 
(Politic  Stones  . 

I 


Pei;ceiit.     iPr.cont.'Pr.cfMit.'  Per^t/' 


[ 


,  i-.i 

.)(>*.> 
carlH)nir  acid 


4-2 

4()-r» 

2-7 

*  ■  ■ 

V 

/■■■ 


2 

•  •  • 

1)5*5 


{  I  Hllli 


l>-8 

an 
3-4 

water  '5 

-.,«;•  »i(  rcn:  ? 

1 )  IM/M* 


lOO'O 
100-0 

1/ 

l,oo*o 


u  2 


ids      SPBCIFid  dftlim,  iJ^jft^'^VOLUUB. 

Tablb  77.—M1NBBAL  Substances,  Vabious  :  gpBCiPiq, 


I  » 
 ^  


Prjr,  close 


1 1-' 


Wet,  moderately  pfisssed 
Wet,  fluid  . 


Phosphorus 
Plaster  . 


Li 


;  Portl^d  cement 

I  Potash 


I'll'  i 
.fi  • » 

« 

■ '  -  • 


|»  patur^tcd  .with  w^Ker 
Salt;  commoii  r»  •  . 
„    rock  '\ 


\  Sulphur  . 
Tiles : . 


J. 


)  I 


Gravity. 

Water=l. 

1-28  to 
1  -98 

1  -im  to 

Uu  to 
1-1)2 
1-77 

1-  57 

1  -25  to 

2-  10 
1-44.  to 

1-  87 
1-89.  to 

2-  07  . 
1-92 

2:10  to 


One  Cubic 

.  8o,to;  ' 
110 

110  to 
180  , 

1KV4  t(]' 
120  , 

110-4 
1)8 


Foot  per 
Ton. 


78  to  04 

i\\  <:  »'t 

181 
90  to 
117 
118  to 
.(1S9 1' 
1197 


2-00  .124-71. 


Cubic  Ft. 

2q-4 

2(V-4  to 

21 -r)  to 

20-3 
2^-9 
^l^'l  to 

ii^a-8 

•^4*9  to. 

»Till9ltO 

/'.18r7'-f 
:  .m  to  ' 
.il6r9  H 

?t  <a8*o 


Tatu.k  77^/. —  Kt'els  tx  Fp.axokV  * '* 


I'lHv  paphite  .... 

Aritlirueitt*    .       .       .       ;  j 
Rich  CfKil  with  a  lung  flaiuv  «.. 
"^Dry  C04I  with  a  loju^  flaiiuj 
lliuli  and  hard  coW".      .  '  . 
Smithy  coal  .      1 1 


l.ij'Mite 


hituiniiious, 
imperfect 
Hitufnetii,  re<l 

blacU  • 
■    brown  , 
Asi)li41te  .      ,  '. 


\Vt  it:lit  of  Sjjecitie 
one  Cub.  Ft.l  Gravity. 


Pounds. 

14') -3 

'  .  '  I' 


 ^xrAi 

Water=l. 

1-34  to  \'A{\ 
1-28  to  1-30 

82  a  1-32 
71)  \S  tu  Sl-1  ,  1-2S  to  1*30 
77 -y  to  84-2  i  l-2o  to  1*35 
I  73'»tI>W*tjf,  1-lO.to  1-20 
81-7       ,  l-Sl 
I.  72*5*  •  1*16 
«ii»-7  ,...,!  1  ro7 

1-00 


I 


Ly  GoogL 


J 


1.    •  i 
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Table  78.— Weight  and  Volume  in  Bulk  of  Variou 

.        .  /.  o.:      .        Solids."  •  •  *•     "-'f  '••  •     •'  • 
'  •       •  • «  'I  ' 


ALL 


(Tredgold.) 


UBiSTANCK.  • 


W«?iKlit  of 
One  Cubic 
¥Mt  tn  biilk. 


Iron,  cast  in  pigs  .  ,  .|  f,,^.  ^^(JU 
Limestoii^'  Kit  MeMttifih  Mocks  .    ^i, » ,  |/'  i  72 


Volume  of 
One  Tun 
in  bulk. 


Granite, -Aberdeen,     flocks  . '  j  ], /  , 

Cnrnish.        '  j    jj,  j'V. 

Sandstort'e.  in  blocks       .    |,.^,  *;|  .,,,141 

Portland  Stone,  in  blocks  ,  ^i,.;,,.!^-^^ 

Potter's  Clay   .      ,        i          ,  *^  ^ IHO 


T^oani  or  iStron^  Soil   .    /   •  ^| 
Bath  Stoiicy  in  blut^Jf^,    .  *     , | 
Gravel ,  "   •       1       1'    * .       .    .  ~ 
Sand  ...... 

Bi^iOks,  O^iiimou  ►^tocki  dry  ' 
Culm       .       .       .       •   •-'  *  '  1  . 


"'II 


,  Wat  err  Hirer— 
Splint  Coal 
Oa,k,  Seasoiicd 

jCoal  (Newcastle)  caking. > . 
I  Wheat .  . .^j    .,4  ,^  . 

[Barley  

jKed  Fir    •  .       .      ..      .  ' 

•Hay,  cnmpMcl .  ohl  . 


1 


,       .  TABU^  79/-^MeASUJ»^S  of  OBEa^'  EABTH,  ^c, 

;      ,      1.;:-     •  (Band  jtfitll  Companj.)  . 


14 

2 

?0 


4:5-Cubip.FjCet  uf  ordinary  (lold  or  ^^J(Vqi;^p^tj»i^i  mine  J,  tou 
2    1.     ,r-' !  1      of  Broken  Quartz .  '        '  . 

,  ,  .     Gravel,  ui  l)ank       ,       .       .       .    .  .1- 

0  "  Gravel,  when  dry      J.,..        .  ^      .  I  „ 

r»  —  .1.*.         d».4.1  *  1 


Sa?td 

l^^i'Xh,  iu  L.i^nk  . 

when  dry, 

J 9  „'         Clay     .      *.  *  . 

5  Bituminous  Coal,  heaj.ed 

42      .    „,..,,;.  Anthracite 
Vi-^  ,»  Charcoal 

»    „  •        Coke  - 


Ml 

80 
9 


t  «...    „  - 
»♦ 

* 

I? 
•« 


J? 


.  I 
.  I 
.  I 
.  I 


t» 
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1  Cubic  Foot  Anthracite,  hea}>ed'  . 
1        „        Bituminons  Poal 


1 
'  1 
il 


»•  • 

St 


it  \ 


50  lb,  to  55  lb. 
45  lb.  to  65  lb. 


^ Cumbeilaiid  .Coal  .5a.lb.  ^  . 


CaiiiKjl  Coal  . 
Hardwood  Chaixsoal 
Pme  Cbp.rcoaI 


.  50Jlb. 
.  181b. 


j 

]\  (:<>T<}  of  Wood,  4  feet  x  4  ieet  x  8  feet  •  .      *=y  l^S  dtibic'f eef;. 


E(illi^'alent  as  i 
Fuel  to 


liCord  of  air-dried  ItickoryorHaixJ  j  ,            U  ,* ! 

f        '  '     -       "  ■  '  Maple    .     ^  t  "^''^  ^  ^^'^  i 

White  Oak*  .   '.    8,880  „  '  1,715 '  I 
•Beech,  Red  Oak/.^-n.       ,  , 


1 


■I 


99 


'iPoplar     (white)  '    "  '  j 

:';  ;wood).  Chest-  -  2,850  „     1,050  ,1=   ;  • 

'•'•'nut,  or  Kim   .  \          ^  :    '  "  I  ; 

•Average  Piue    .   2,000  „       <J25  '  „    *  [ 


TABiir.  80.  — FuflLs :  SiiKCjpic  ttBAYiTit,  WAiojaT,  \ 
*       •  •  •        .  Bulk.  * . 


-it-u  Ly  Google 
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Table  80,^FuEWi:  Specific  Ubavitv,  Weiqht,  axp 

Bulk  {jtoutuiutnV)^ 


Fuels. 


.  ,  Gravity. 


Weight  of  One  Volume  Ii 


CokE  (^continued). 


-  Ton, 
iolicl.   ileaiM'd.^" jj 


•  -1 


|.  Gas  coke  . 

11  America^:'  . 
Serainp  CFi,-ance) 
Graphite*  .  .  . 

Lignite  and  Asphalte. 
•  Perfect  li^ite    .      ,  j 
t Imperfect  lignite   .       «  . 
;  Bituminous  ligiiite 
Asphalte        .       .       .  ^ 

J  Wood.— i&e  T^ble  81. 
;      Wood  Chabcoal. 

Oak  and  beech  "  ;  ,  . 


•  -  < 


Birch  . 
Pine 


Aver«'^ge  .  . 

///  small  pieces^  kaapvd. 
Walnut  .      .  t 
Ash 
Beech 

IToku-Klm  , 
Appleton 
White  oak.  . 
Cherry  tree  . 
Hirch  . 
Elm 

Yellow  jpine 
Chestnut  tree 
Poplar 

.Cedar    . .  . 


Water  ==1. 


2-83 

1-211 

l-i:> 
l-is 


Lba.      Lbs.  Cub.Ft.l 

*  '  ! 
23-8  to 

28-6 

321 

31-0 


Hrr3 


... 


72:U , 


Average  . 


Heaped. 
•24  to 
•25 

•22  to  i 
•23  • 

•20  to 
•21 

,     ■  I 
r(i3 

-53  I 
•52 
•40 
•4« 
•42 
•41 
•36 
•3(; 
•33 
•28 
•25 
•24 

•40.") 


r  .'••\ 

15  to 
15^6 

m  to 
14  -3  [ 
12-5  to;. 
13^1  i 

'    14  ■ 

1 

2S-7  * 
2S-7  i 

■li'rl 

25^(; 

22-5 
22-5 
20-f> 
17*5  . 
15^0  • 
15-0 

!  25-8 


Ly  Google 
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Table  HO.^Fubls  :  !?i»t^:ci^rc  GftAVftVi  Weight,  and 

Hulk  (ronfhith^ff): 


AVei-htof  One  'volume 
«pedflc      Cubic  Foot.  I^^^^Sie^l 
Gnvity.  -  —    '  Ton, 

SoUd.  Heaped 


As  Powder, 

Willow 

Oak  . 

Alder 

Tiiine  trtie  .  . 
Toplar    •  •  • .    •  1  *  • 


Average  cvJ 


Gu.i) powder,  loose 

siiaken 

„  solid 


'J 


Irish  Peat. 
\  Very  ligUt^  spongy,  surf^g 
j    peat  V 

Light  mvUM  peat     .  *  -V 


•  t 


Bather  deodei . 

;Very  den^q,  dark  bmwn- 

Very  dense,  blackish  brown, 
C(»ni]);i{'t      .        .        .■  . 

1  Exceedingly     dense,  jet 
black  ■  .      .  <j'i 

lv\'cccdiii,L!ly    dense,  daiit 
blaekisji  brown  . 


Upper  moss 

Brown  . 
Gobi  pact  black 
Densest  blftOk 


Water =1. 

*  1  -."iB 

...  ,  y.v4 

.... 

1-49 

•  «  • 

i-4r,  • 

9  m  • 

1  -45 

yo-4'*i 

I -50  . 

4  W  • 

.V.       ^         a  .  < 

'  «.  ;  .  .  i 
I. .  ■'  i 

I -00 

• 

1  •.").'»  to. 

.lit,-  r  V  ^.     ':4»«  " 

1-80 

•  •  •               •  •  • 

•  ■  • 

III*    !t  »   :  • 

1// 

•22  to 

lM-7  to 

1 

•34. 

21-0  J 

•84  to 

20^D  toi 

• 

•41 

'2:>\H  '  . 

•4S  to 

2l)-7.to 

•(i7 

41-7 

•(ir*  to 

1  ()•.■)  t« 

■  44-r) 

•71 

.  •  • 

•72  to 

•lis 

1  c;i-:i 

•7H  to 

r»:v2  t<.  . 

•yy. 
1-0 ; 


r  •  •  • 


.t 


•  ii.  ' 


I 

•  > 


Cuudenscd  peat 


I  • 

\  \  U)  to 
I  1-3 


1518  147-(^ 
17-(Mi 

22-54  4)tl-4 


to,43'7  toiiVl^^  to 
9V:^  1 .5fi-8  '  40-0 
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tiuti  81.-^ Woods  :  SfECiEic  (ijRAvii^  Hhd  WiJifeht. 


Wood;    •  1^ 


Specific  .  ,  Weight  of  One 
Oravitr.         Cubic  Foot. 


I 


Acacia- ; 

„  '^^ith  20 per cgj^t. moisture. 
Alder  tree.       .    :         .    '  .* 

„  •••with 20 percent. moisture. 
Asli  .  -..^       .  .  / 

„   with  20  per  cep,t*  moisture. 
Aspeii.tree       .  .    '  .  ' 

Ap[)lertTec    .       . :  I •  I  • 
Bamboo   .      •  ;:«> 
Beeeh.\>;:,  .    fi;.  .  ■  .i;,-     .    .  ; 

„  vwtth  20  per  cqnt.  moisture 

„  ;  o_ut  one  year  . 
BitclK  I ,    .      .  r> 
Boxw0Q|d  . 
CedttPicji!  Lebanon 

Corfcj-u      .  . 
Cypvp^  cut  one  yew?  i 
Ebonyiv     .  . 

-      i3ki9m    .|r-  ..4 

iJBlack       .    •  . 
Elder  pftth 

M  wjth  20  per  CQQit.  moiKtare  I 
Fir,  Nonvay  Pine  i.r.-  .  .  i 

„  Bed  Pine  .    mv     .    *  ' 

„    SpTUce  •       .!»:,•  . 
„   I/arch       .  «; 

White  Pine,  English 
„    '  ..•  „        SQOtch  , 
„  ■  |v.  \vith  /  ' 

20  per  cent,  moisture  .  A 
„   Yellow  Fine  '  .      .  ' 

19  'ill'  '         M  I 


Water  =1.  Pounclu. 

•r.r,  84-9 

•84        '       r)2-4  . 
I i-n  *70    ..  .Jj  48'7 

I  ;i7-4,.;ri^ 


It  Hawthorn 

Hollv  . 
I  Hornbeam 

T/aburnum  . 

Laiice  Wood 

Lignom-Vitui 


•  'in 

•HI  to  -40 

•7r)  to  -So  . 

'St.  . 

•<)(; 

•72  to  -74 

1-04 
•49  to  -57 
•24 

MS 
1-21 

•076 

'on 

•  • 

•76 

.  -72. 
I  -74 

I  -48  to  -70 

'  -48  to  -70 

I  •')()  to  -.64 
I        '05  , 
!  '58 

•49 

^66 
 All 


•91 


•7r» 

•02  ' 
'    i\7  to  1-01 


*  •<iritoi^3:^    40^r»  to 


19-5  to  24-0 

:  Mrs,  t<p  :>o-:-i 

4i^2  ; 

44 -.9  to  4()  J 

.ir»*o,V.i 

.    :  41-2 

705. 
...  /75-5  . 
.  .  74-2 

.4-74.'  : 

:  ,  .47-ri 

.  .46-1  : 
,;29-»jto  43-7 

2?-9,to4»-7 

ai-s^  to  »a-9 

.  34-3 
34-3- 

41^2  . 

 2S-7 

."if)-? 

<'47r*i  - 

47-r> 

57-4 

-u-8  to  u 


'I 


litized  by  Google 
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Table  80.— Fuels  :  S-^'feci^^io  Oih\viTVj  Weight,'  a;nd 

HTLK  (rnfifhiVf'(T)} 


FnsLR. 


I  Wfifrhtof  One  Voi„,„^ 
Cub  0  t. 

of  One 

j  Gravity.  - 


Ton, 


As  Powder. 

Oik  .  . 

Lfme  tr^  .  ;  .  . 
Poplar  '"'l  * ' 

Aveifige 


•  Water=l.    ,irb8.  ,  Lbs.  ,Ciib..FV 


Sun  powder,  loose 

» 


shaken 

solid 


Very  light^.  spongy,  surface  j 
peat    ,       .  .  ^       .    .  I 

Light  8urfa<$d  peat     .  '  ~v\ 

*    *  \ 


i  :>3  .  ...  ,  y.v4  j  ...  ^ 
1-45   ■       ,  mK'''"'i'::'* 

1-50  .  MiJ»33!  !  /ii. 

/DO  .  -.'.i.i.a:-  s»'."';  -'l.'.  •  f 
I'OO   i:il'4r  ' 

.«.  ...  *■• 


(  •  1-55  tp. 


\  1-80 


•22  to 
•84 


13-7  to 
21-0 


Rather  dcn^  . 


•84  to  20-l»  t(»t 

:4l  i  2:i-8 

•4S  to  2i)-7.to' 

•(;7  •  41-7  ., 


j  ll•^f';l 


•71  4-f.> 
•72  to   ,451  tr.>  > 

:U8  I  Gl-8  . 
•73  to  .  ;r»8'2  to 


Very  deii|q,  dark  biwn.-.y {  j  -^^n^"  A  ... 

Very  dense,  blackish  brown,  ( 

compact     .  . 
Exceedingly    dense,    jet  ( 

black  •  .  .  <::;  \ 
Exceed! uprb:  dense,   daiie  ( 

lilacki^/^'own  .      .;•  / 
  \'\-  \ 

Upper  moss 


.       •  •  •  ;  # 


•91) 

1-0  i 


(51*8 


Brown 

Compact  black 
Densest  black 


8-81 


Condensed  j)eat 


I  !  to 


r . 

•     •  ■  _ 


Hi    '  j 


1-3 


*  I      f  •  ■  *    d  1 

,  1  to!"  t 

1»V13|  l^T'O 

...      22-54 ^  dtt»4 

fi2-5  to; 43-7  tOjiH^ito 
^1;1  J  -SO-S  '  40-0 


! 


Digitized  by  Google 


Oravity. 


Weight  of  On.' 
Cubic  Foot. 


„  >-i»)ith  20  percent,  moisture 

„    wth  20 per c^Qt.  moisture 
Ash  •  . 

„  wilbji  20  per  ce^rt*  moisture 
A8peu,l7ee      .  !•>/ 
Apple-tree  .Tf-f. 
Banit>oa   .  • 

„  vwxth  20  per  cqnt.  moisture 
cnit  one  year  wi-  . 
Bircti'M    .      .  I> 
Boxwood     .      .y.'*  * 
Cedar  .0^  Lebanon  r.;w 
Cork  ! .       .  . 
I  Cvpreas,  cut  one  ywi 
jEbony-i'..      .      .••I'/  . 
ij,   Greea    .ir-  .,4 
Black       .^.|-  . 
Elder  path       .    .:u  i 

„  ijGJjieen 

with  20  per  C!e[u.t.  nnjisture 
Fir.  Nonvav  Pine  •  . 
Red  Pine  . 
Spnice  .  . 
La  I'd  1       .  <i 
White  Pine^  Kuglish 
ScjQtch  . 
'  -    .J  :  witli 
20  per  cent,  moisture  . . 
Yellow  Pine 


Wat4jr=l. 

•;>«  ...  , 

•84 


1 


I 
I 

I 
I 


» 


Pdunds. 
nil 

34-9 
37*4 

•60 

•  -78 
•31  to  •4t! 
•75  to  '85 

•fi(5 
•72  to  ^74 
.1-64 

•49  to  -57 

•  • 

•24 

•or, 

1-21 

.  \\'\\) 

•076 

•55 

•  • 

•7(? 

•72 

•74 
•4S  to  -70 
•48  to  -70 

•r)0  to  •(;4 
•r)3 

-40 


1 


,  .  .1/1/ 
Ml{|-5  .t9  24^9 

4i-fl  t^,4j?fh 

30:arto,S5n5| 


^1.  1 


Hawthorn 
Holly  . 
UomJt)eam 
Labujrnum  . 
Lancf -S^ood 
Lignom-Yitse 


J" 


•<»(; 

•m 
•7<; 
•7r> 

•92 
•<>7  to  1-01 
•«5  to  1-33 


4-74  ' 

47-r. 
I  4(;i 

|,2b-l»  to  4:i-7 
I  2<J'U  ,to  4;}^7 
f  .;il-2  to  3U-i*/ 

1  " 

•  SO'*;  '  ^ 

••• 

2S^7 


."<;-7 

47-ri . 
47-r> 

57-4 

4P8  to  (;;j  o 

40-5  to  82-0 
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lApf^t;  31,T-Wo/)j)s :  Specific  Gravxtv.  4NU  W^iG^a^p 

(rnnf'nivrtr). 


.'  WOOCL 

j 

1 

Wei^'ht  of  Onel 

1  Gravity. 

Cubic  Foot. 

• 

f»  MlCl    A. 

JTVUUUO. 

53*0 

Ml*   TiAiiln  111  crn 

*  .  •  Cuba 

!        «56  • 

84*9 

„•      HondulriCs  .  . 
Maple      •      .    '  .      .    •  .• 

W' 

•  34*9 

•H5  • 

1  ' 

40*5 

JIO  per  cent.' tnoistnre  • 

'  4i*i<r 

Mulberry  

55t5 

Oak,  Hiart  of     ,  * 

1  1-17 

73*0  * 

„     En^liih    .  •  '   I  '  . 

!  -93 

Buf-bpean    .      .         .  •«S>to'90 
„    A'merican  Red".      .     '  .     '  •  W 

43*at(»Al*?' 

54-2 

Olive  trtee    .      ,  . 

42-4 

Olflnge  tree     .  •  . 

4  4 -a 

Pear  treie     .      .'  . 

•7a 

4i>'.) 

40*5 

Plum'  trfee    .      .  •     .      •  . 

•87 

r»4^'^ 

Pomeeflanate    .      '1      .    •  . 

u,    \.  f  A  AAVif        &              W                       9                        S                        W  V 

1  -a.") 

84*2 

Poular  .      .      .  •  *   .      .  . 

21 -a 

„      White  .       .  ' 

•32  to  •:>! 

20^0  to  HI  •S 

20  per  cent:  inoistare  . 

•48 

29-9 

Rosewood  .       .  ' 

154  ^2 

Rock-Elm    .          '   .  . 

•80 

50*0 

Satiii-wrxKl 

•yi; 

r»9'9 

Service  tree  ' 

4 1  ^8  ' 

Svcaniorc  .       .      *.       ,       .  •; 

•ni) 

a()*8  ! 

Tcjik.  Afiican                    .•  .  | 

•98 

(;  1  0  j 
a7-4  ' 

Vino  tree  .       .           '  . 

•HO 

Waluut,  (rrcrn     .      .      .    .  ' 

•92 

r)7*4 

•(»8 

42-4 

Willow  •  .  ' 

•49 

Yew  , 

•74  to  -81 

4<>'l  to  r>0'.*i  i 

Yoke  Klni,  with  20  per  cent.  | 

nviisturc  .       .              .    .  1  ' 

•76 

47*5  1 

* 

Indian  Woods  (Berkley). 

Khair  ..... 

M7 

73  1 

Red  Eync  

1  -09 

»8  1 

EiToid     .      .      .  • :  . 

roi 

fS3  1 

Bibla    .       .       .       .       .  . 

% 

•90 

56  1 
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WOODS. 


QpanUimed). 


Jamaica  (Fo>Yke). 
BiBok  Heart  Ebony  •  • 
Ligaaift-yit»  •   ' ' . 
Small  Leaf  .      .  •  .  . 
Neeaberry  Bullet  tved 
Red'Bcdly  tree    .' '  . 
Iron  Wood      .    i  . 
Sweet  Wood        '  . 


1  Woo«y. 
I 

1  Specific 

Weight  of  One 

Gravity. 

Cubic  Foot 

• 

Water =1. 

Poancls.  i 

Indian  Woods  (continuedX 

Blackwood 

•  .  •      •  • 

im 

Northern  Teak 

•88. 

Southern  Teak  . 

•?f 

•  •    48  : 

Jungle.  Teak 

4 1 

r  J. 

Iledoo  .. 

oy 

DO  t 

Bkitish  Guiana  (B'owke). 

1 

Sipiri .  or  Greeu  Head:t .      •  ♦ 

I'll"..    4  ,  y    I  •i  k<  t 

iiy  ♦)  to  no  v 

i)-i  O 

Brown  Ebonv 

•«  *    •      «  • 

1  (i.i 

t*  t  •>! 

04  J 

liCtter  Wood 

1  •      •  • 

<•»■>.  i 

Cuamara,  or  Tonka-     .       •  , 

\.rj  1 

<>  I  < 

Monkey  Pot 

•      •  • 

\j't  1 

.>o  () 

Mora  '. 

•  *   .      «  « 

.)  <  '4 

Du  cabal li . 

.  ... 

Cabacalli  , 

• 

.•            *             «  ^ 

Kaieeballi 

1  1 ... 

•87  .  1 

Sirabaliballi 

i       •       •  ^ 

•QA 
O* 

■  )J  4 

Buhuradda 

■  •  •       •       •  . 

•Q1 

ol 

Buckati 

•  '         •            •       •.  , 

•Cll 

ol 

Houbaballi 

•                 •  • 

•Q1 

•81  1 

Baracara 

•  '               •                 •  • 

>Q1 

•77 

White  Cedar  . 

.  1 

.  48^0 

Tjocust  tree  . 

1 

*                 *                 *         *  1 

•71 

"XT  O 

•70 

f  A 

Purple  Heart 

•fi8  1 

•  4-2-4 

Bartaballi . 

t 

;<i4  ; 

.3JK 

,.CrahwQfifi  . 

...  .:G0 

Silverballi 

34 

1-15 

.  74*2 

65  to  1-17 

.  40!5  to  73:0 

M7 

|73^0 

1-05  . 

1-00 

ri2-4 

•OH  . 

..  \(\V7 

•97 

60-5 

ed  by 


Googl^ 
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TAiiiiK  81.— Woods:  Specific  GRAVity-AND  Wbig^ht 

^eonti'mlifd), 

■■■■■■■■■■■■■■■■■■■■■■■■■■MBM 


Wood* 


Jamaica  {eotuimml) 

Fustifc      .       .  . 
vSatin  CaiHllewood  ' 
Bastard  Cabbage  Dark 
Wliite  Dogwood 
Black      „  *. 
Gyiiip  .  • 
Wild  Mahogany 
('ashaTT—    .  ^ 
Wild  Oraiige  . 
SwGet  Orange      .  ' 
lUiUot  tree  (biistfird) 
Tamarind    .      .  "  • 

'  wild'. 
Priifie  . 

Yellow  Sanders 
Beech  . 
French  Oak 
Bioad  Leaf  . 
Fiddlcwool 
Prickle  Yellow  ' 
Boxwood  .  . 
Locust  trc(5  . 
Lance  Wood 
(frecn  Mahogany  .  ' 
Yacca       .  . 
Cedar  . 
Calabash  . 
iiitier  Woo  I  . 
Blue  Mahoe 


>  I 


•I'- 


Gravity. 


Weight  of  Oue 
Cubic  Foot. 


Wator=l. 


•1)4 
•1)3 

•113 


Pounds. 
f)0-5 

J.  -i  ti58»(>  ' 

58-0 

r,7-4 

— -tT7*4~  — 
1  'r>3*<ito  5<i-7 


•i>0 

• 

•87 

!  ..:i.^)4-.2  ''J 

•75 

■'••"''4(»-8 

•8(?:' 

.  1 

53i» 

•si; 

i    '  53i) 

•8i 

• 

.^)2-4 

•77 

« 

.  -  48-0 

•77 

::48-o 

•71 

i.44-3 

•su 

•;>i) 

« 

«'43'()  ' 
•  «43^» 

42.-4 

• 

•424  -  '• 

•j(> 

• 

o  safg  .  7/ 

•5a 

• 

• 

 '  / 

•5G 

•55. 

't.  dij4*a 

•54 

New  South  Walks 
Box  of  Ihrarm — .■  •  . 

Bastard 

True,  of  Cam(5eti'  . 
Mountain  Ash        'i  ' 
Kaldaralli     .        '  >  . 
Iron  Batk .      .   •  V 

broad  lettved 
Woolly  Butt    .  • 
Black  •*  '  • 


4-«  

1:11  . 
1-10 
1H4»  J-  ' 
1^02. 
1?01  . 
•89. 


^5*5 
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Tablb  81.— Woods:  Specific  Gravity  and  Weight 


New  South  Wales  (cfi/t^i 
Water  pum     .  /;:!^^^ 

Cog  WoikI  . 

(iray  Gum    .        '  * 
Stringy  l>ark 
Jiickorv 

Forest  bwamp  Ojii,^^.^ 


jjjwt.'itUi' 


nued). 


Gravity. 
Waters  I. 

1-00 
•84 

'•8(> 
•93 
•8(5 
•75 

•:»« 


,.1111' I 

!tabijb''82.  -ANiMAti*  Substances: 

Wbtoht. 


CufecFoot.  I 
Pounds. 

f>2-4  ! 

•■••I  ••  ii-a 

I 


•  •II. 


CC'hiudcl.) 


  ■iiiim". 

Specific  GRAViTir  a^Nj 

" 'till'*-  :.I ' 


.t    1  1          ♦  '     r  .  // 

1                 >        •                  1  ) 

1  Gravity. 

1  \N>if;]it  of  OiH^ 
'    Cubic  Foot. 

•  • 

PonadU. 

Peartfi 

•  m:(y 

Coral'  . 

.'J  . 

.   .  '      2*69  * 

^  167-7 

I  vory.. 

.7114  to  110-7 

J)one  . 

.•1 

,    .  .l-SOtcHa-OU  .l|2-2tor24  7 

\Vo)l 

OO-H  .  . 

Tendon 

Cartilage  . 

.  .  .  im-.u. 

GS-o 

Crystalline  humoarv  . 

.  .     .  i-oa 

(J7;3 

Flumoii  Body 

•f. 

1-07  / 

Nerve  . 

•!'  '.J  . 

■■  Hni^fi  Way 

— 'M  



I^ard    .  » 

•  • 

.  . 

50-3 

Spfirmaceti ' 

■       '  •  'm-k'^  ' 

W/hi  te  oi  •  V\Chalelpoii(s  •  »i- » •  i  > . 

'J  "  ti8'7 

Butter 

•        •  • 

Pork  Fat  . 

•  • 

.    .  -1)4 

58^7 

Tallow  'l'*'"' 

*                         .  • 

•  -02 

57-5 

Beef  Fat 

•  • 

.  *  •f>2 

'  '  '  '  57^5 

Mutton  Fat" 

«                         •  * 

■  -1)2 

.)/*4 

Auimal  Charcoal,  iu  heaps 

.    .      -80  to  -83 

1 

,    60  to  52 
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Table  83.— Vegetablb  Humcfakcbs:  Specific  Gbavitt 

,     ■  AND  WEIOMi   ■   .  -  — 


SCBtiTANCB. 


Cotton  . 
Flax  ; 
Starch  . 
Fecuia 
Gum;  Arabic 
Mastic 
Resin,  GuaTacum' 
'  Bciizoio  . 

^wsAir — :  — 


Amh)cr  .  .  • 

Gutta-percha  . 
[ndia*rubber 


Ih 


Gravity, 

Water --=1. 
.   1'95  • 

1-79 
1-53 
1-50 
1-45 
1-07 
1-20  • 
•  1-09 


Weiglit  of  <)ii& 
Cubic  Foot. 


^  •  ■  I 


rounds. 
121 -B 

95-4 
93*.t 

74-8 
68-6 


 rrm — r 

.1  f '1-09  I"  yj 
-97 
•93 


Grain : — 
Whent,  Reel  Winter  . 
„  Bombay 

California. 

„  '  • .  WaU^l-^ValIa  •  . 
BesHftlittbia"'  . 

l^e.'us.  Amei'ican    .       .  , 
Indian  Corn,  Whit^  American 

Oats.  Hussian      ."  ■  . 
r>e«an8,  Egyptian 
Barley.  English   j    '  . 


i 


of  Quo 

Cubic  Foot, 
loosely  fttted. 

49 
49 
49 
46 
49 

r>(i 

43i 
44 

.   28  • 
4(5 
39 


58-0 

W.  i<:ht  of  One 
Cubic  Foot, 
closely  tilled. 


58 

m 

'  53 
54 
47 
47 
•  83 
.-Id 


j\'otf\~-J] \)dcr  the  Corn  Returns  Act,  1882,  the  bushel  o: 
the  following  grains  is,  for  statistical  poi^MJSQS,. to  be  take^ 
respectively . '  .  ...         •  •  .  T 


For  Wheat  as 
For  Barley  418 
For  Oats  as. 


.  r»o  lb. 

.  50  lb.  . 

.  3y  lb. 


1 
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Table  84.  -  Liquids  :-~SPEtilPi(3  Gbayity  Aigp  Waifiax 

111  lUil!  Ill 


r til  4  i'^*  /  • 


I 


LiijUiDti  AT  32'  F. 


Specific 
Gravity. 


Meievrj  • 

Salpharic    Acid^  maximnm 

coneeDtratioH'*.: 
Nitrous  Acid    L  *:  • 
( ■hloroform  .  i 
Nitrm.acid,  of  odmanerce  . 
Ac^ie  acid,  ittAximum  cou^ 

ceutxation  > 
IrMilkj:     .      vr»;  . 
\  8ea  Water,  ordiniarv 
.  Pure  Water,  at  31>^°  . 
Wine,  Eed    .    i  • 
jOil,  Linseed     •  • 
„  Rapeseed 
„  Whale 
.  „   Olive  . 
'      Turpentine  '  • 
Tar  . 

Petrol eiuu  J 
Naphtha      .  : 
Ether,  Nitric    .  : 
„  '':^>>ulpliiin>us  : 
I    „     iNitrous  .  V"; 
j    „:iV  Acetic       .  " 
'  Hvdrochloric; 
Siilpliuric  . 
Alc(»lioi,  pi(K»f  spirit 

•  pure 
^Benzine 
Proof  S])irit  . 


13-59H 


One  Cubic 
,  Fuot. 

'  Fonndfi. 
848-7 


Weight 
ot  One 
GaIloi)> 

Foun(U. 


t  •  •  • 


1  .U  1 

I  S4 

II  talk 

1  vi.J^ 
1«5  4 

1  •');") 

i)()-8 

Lvr, 

1-58 

1)5 

15-8 

1*22 

70-2 

12-2 

1  ox 

r7'.4 

(;4-H 

10-8 

J  •02() 

<;4-f):) 

l()-8 

l'O(M) 

«2-42ri 

l()-()l  VI 

■  (;2'() 

i)-l) 

•1)4 

r)8^7 

l)-4 

•1)2 

57*4 

9-2 

.  02 

57-4 

l)-2 

•9  IT) 

57-1 

9-15 

•H7 

54-8 

8^7 

l-oo 

f>2'4 

H)0 

54-1) 

8-8 

:>3-i 

8-5 

Ml 

(;i)-8 

11-1 

i;7-4 

l()-8 

H-9 

•su 

:»:)•(; 

8-9 

•87  ■ 

54-8 

87 

•72 

441) 

7-2 

•1)2 

57*4 

9-2 

•71) 

4i)-8 

7'^ 

•85 

8*5 

•80 

49-» 

.  8-0 

I  I 


V 
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Tablb  8r».— Weight  and  Specific  Guavity  of  Oils. 


TlUll^^•//  ii/A  /iivi.:ii)^^l^h^ja-f^.    :  ^.<n  A'  t 


— «pTOtf!r — 

AT  av  r. 

One  Gallon. 

Gravity. 

i 

Pounds. 

n  H 

Water=l.  ; 

operniy  Dleacncd,  winter  • 

8*81 

•881 

„  •  natuiiaJ^  winter      .      .  . 

8-81 

•881 

.  9(U 

-mi 

ticci,  sAponmeu  .     ,  .  ,     .      .   •  : 

1)02 

•902 

Palm  '          •                   '  "  • 

1  aim        •        •        .        .        •  .      •  . 

'.»•().> 

•IMC) 

ial,lo\y                   •  .••      ,       •    •  ; 

.  9-14 

•914 

iNeatstoOl              .       .  . 

1114      i  -914 

Kape-seetl,  white,  winter    .       .    .  » 

•914 

uiive,  ii^nt  t^icciiihii  yellow   .»     ,  \ 

01 4 

•914 

Clark  grcea      •      .      «  . 

1)-14 

•914 

I'eanut     .       .       .       •       .       .  ' 

0-1. J 

•jun 

uii v(;.  viri^in.  very  ligat  yeliow  •  . 

9- a; 

•91  r» 

llupe-seed,  dark  yellow  • .       .       .  ; 

9-17  . 

•917 

Olive,  virgin^  c^Hrk  clei^r  yelluw  .  . 

917 

•917 

L:iiil,  winter    ,       .       .       .  . 

91 7 

•9 1  7 

Sea  Elephant      ,              ,       .    .  , 

9-20 

•920 

J  aimer  s  v  oa  ,       ,  *  •  ■  . 

9-20 

•920 

.  Cu.t(on-seea,  raw .       i       .       .    .  . 
f         ,.         rehnod,  yeUow  . 

9-22 

•922 

9-28 

•923 

Salad  (eol ton -seed)     .       .       .    .  . 

9-23 

•923 

T^abrador  (e<Kl)       .    -  . 

9-24 

•924 

Popi)y  .  

9-24 

•924 

Seal,  natural   .      .  :    .      .      .  ' 

9-2rii 

•925 

^  Cocoanut    .      .      .      .      .  . 

9-25 

•92.") 

Wh^le,  naiuraL  winter  .      .      ,  \ 

9-2r) 

•92r) 

„     bleached,  winter    .      .   .  i 

9-2ri 

•92(> 

lOouuvcry  pitrt)  •.  • 

9-27 

•927 

Sealj  i^aekedi  ; ,  .      >.     .      .  . 
L/OttoD*seea,  wnitc,  winter     .      .  • 

9:29 

•929 

9-39 

-929 

ntrait9  (c<xi)      .      »  •    .      .   .  ' 

9-29 

•929 

Menhaden,  dark     .   •  .      .      .  , 
JLiinseod  Qraw^  :  .      «      .      »   .  i 

9-29 

*929  i 

9-30 

*930  1 

Bank  Ccod)  ^    .      ...      -  ! 

Mentiaden,  light  

9-a2 

•932 

9-32 

•932 

Porgy  ' 

9-38 

•933 

Linseed,  boiled  1 

9-41 

•941 

Castor,  ])ure  cold  pressed       .      .  I 

9-67 

•9G7 

Kosin,  third  run  

9-89      1  -989 

GASIfiS  AND  VAPOURS, 
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TAKLB  86.— 0A8IPS  AND  VAPOUBS.  — SPBqiPIC  GRAVITY, 

^  .-WsiaS-'L.^Sfi  -YQWiMiu.  .  


Gakes  at  32''  F.,  and  under 
one  Atmosphere  ot 
PreiBinre. 


Mercury  . 
Ohloroforin  . 
Turp^entine 
Acetic  Ether  • 
Benssme 

Sulphuric  fitber 
Chldrine  V. 
Sulphurous  Acid 
Alcohol 
Carbonic  Acid 
Oxygen 
Air 

Nitrogen  . 
Carbonic  Oxide 
Oleflant  Gas 
Aramoniacal  Gas 
Light    Carburetted  I 

Hydrogen 
Coal  Gas      .      .   ,  i 
Hydrogen  . 


Specific 
Gravity. 


Air  =  1. 

6-1)740 

5-3000 

3-0400 
2'6»43 
2*3860 

2-2470 
1-6]  30 
1-3290 
1-1056 
1-0000 
-9736 
-9674 
•9S47 
-5894 

•43S1 
-0(192 


I 


Weight  of  One 
Cubic  Foot. 


Pounds. 

•563 

•428 

-378 

•^45 

•217 

-209 

•197 

•1814 

-1302 

-12344 

•089253 

-080728 

•078590 

-0781 

•0795 

•04758 

•044(;2 
•005592 


Ounotts. 
9-008 

6-846 

6-  042 
3-927 
3-480 
3-340 
3152 
2-902 
2-083 
1-975 

1-428 

1-29165 

1-258 

1-250 

1-272 

7-  613 

•7i:Ji) 
•r)r)r>8 

•0895 


Voluiu<? 
Of  One 
Pound 

Weight 

Cuh.  Ft. 

1-  77(i 
2387 

2-  637 
4-075 
4-598 

4-  790 

5-  077 
5-313 

7-  679 

8-  101 

n-20r> 

12-387 
12*728 
12-804 

12-.18() 
21017 

22-412 

28-270 
17.8-83 


Table  87.— Weight  and  Volume  op  Bodies. 

(Tod.) 


1 

BODIXS. 

Weight  of  One 
Cubic  Foot. 

Weight 
of  One 
Cubic 
Inch. 

Cubic 
Inches 
in  One 
Pound. 

,  ^ — —  —       .....  .          *  • 

Metals. 

Oat 

Lb. 

0& 

Cub.  In. 

• 

Antimony,  cast  . 

Zinc,  cast       .       .  . 

Iron,  cast  • 

Tin,  cast  •      •  .    •  . 

hardened    b  •  . 

Pewter  ,  *  •      .  . 
■           »  • 

6,702 
7,190 
7/207 
7,291 
7,299 
7,471 

418-8750 

449-  3750 

450-  4375 

455-  6875 

456-  1875 
466-9?75 

3-  8748 

4-  1608 
4-1707 
4-2193 
4-2239 
4-3234 

3-8866 
3-8431 
8-8364 
3-7920 
3-7878 
3-7007 

V  2 
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Weight  of  Oiie 

Or  oie  Foot 

>  > 


W.-ii^ht  Cnhu' 
.pf.Une    ;    laches ' 
i\  .Ctthi»  .1.  iaOne 
In«)L.  Pound. 


Metals  {contiHucd}^.  '} 


Iron,  bar 
Cobnlt,  cast  ',' 
StceJ,  hanl  . '  . 

"  soft  motc()ric 
Iron,  haiuniercct  • 
Nickel,  cast 
Bvass,  cast  .  '  . 

,,  wire 
Nicke],  haiaiiKTc  1 
G  lui-iut'lal 
Copper,  cast     \  . 
„      wire  . 
'  *„  coin 
Bismuth,  cast . 
Silver,  hammered 
„     coin  . 
'  „  .  pure,  CJUfit 
Bhodiam 
Lead,  cast . ,  '  • 
I  Palladium 


Oz. 

7,811 

7,8  u; 

7,SH3 

8,270 
8,81).') 
8.:)44 

8,784 


Lb. 

rsi;-7:)(M) 

4.^8-J87r) 

4.S^8-:>(K)() 
48<)-r>(>2r) 

407-8 12:» 
r>  1 7-4875 

.j24-(;87:» 
r)84M)oni) 
54i-(;2:)() 

541>(MM)0 

:>4y-2r)()0 
8,yi,l  1  rM7-i87:) 

9,822  (>13-875U 
..1(1,510  G56-8750 
.  n0,534'  '^58-8750- 
.  ,W,744.  -.671 -5000 


,  -  .  I  8,78J> 
.    ..,  8,878 


.ill ,()( »u 

:  ii,85f 

.  111,800' 


087-5000 
:7()9-5000' 
"787-r>(W(> 


-Mercury  (^^^<^^  \  'i;,,5G8    848  0UU0 
common  j  ' 


♦» 


pure . 

Gold,  trinket 

coin     .      .  . 
pure,  cast"*.  "  T 
„    bammeTdd    .  . 
Platinum,  pure  . 

hammered  . 
wire  . 
laminated  . 
Iridium,  hammered  . 

Amber  .    '  . 

Coal  *    .  .  *  . 
iSand  i* 

Brick-  *  .  \  • 


i4^m 

15,701) 

1 7,r>l7 

1^,8  Ki 

20,88(; 
■21,041 
22.n<;il 
23,000 


87fl)'aoao/ 

.  081-8125 

1 102 -1)875 


•'1,^78 
"  1,250 
l.iiOO 


1210-0B25 
1218-7500 
1271-0000 
1815-0025 
1871)-8125 
1487-5000 


Oz. 

4-5im;i) 

4-5202 
4 -.52.^1 
4-5821) 

4-(;oin:^ 

4-7III0 
4-85S^> 

4-  !)444 

5-  0150 
5-0888 
5-0851) 
5-1877 
5-151)1 

5-  6840 
60821 

6*2175 

6-  865Y 
6-8694 

6- 8287 

7-  ^518 


8-t01S....J-^748 


9-0JH)8 

10-2128 


Cub.  lu. 

.8-5500 
8-.58(k; 
,8 -.58  78 
8-.52!M; 
8-471)2 
8-881)5 
8-2088 
8-2850 
8-ll)0:j 
8-147(> 

'.^•i4<n 

8-1140. 

.3-0950 

2-8149 ' 

^6306 

2-6246. 

2-5788 

2-5184 

2-4855 

2-5134 

2-0377 


*ri>n:irK25ntnTi4r>'  ^ 


()7-8750 
78-7500 

2,000 1  126-0000. 


11-2042 
11-2847 

11-  7()85 

12-  1  7(15 
12-7714 


0-(;2884  !2A'6474 


0-72887 


1-157404 


1-7600 
1-6124 

1-4280 
f  1-4178 
1-851)5 
1-8140 
1-2528 
.  4 -2021 


18*8240 
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Table  87.— WftfeiiT  and  Volume  of  Bodies  {continued)- 


BODIfM. 


"Wtfi^'lit  of  One 
Cubic  Foot., 


Oz. 


1 1 


Lb. 


Eabth,  Stones,  &c. 

Sulphur,  n^Uye.;,  . 
Opal" 

Clay'.  ; 

JfocQeJain,  Limpges,  / 
. '  '  ^  Cliinft. 

common 
Flint  .    '  ;  ' 
Spar 

Pebble.  E  112:1  ish  . 
Granite,  Aberdeen 
QiiarU 

Gliikss.    recti    .".  <• 
Crystal,  rock 

Granite,  injd- E.t2r«^pt'i«u  2,<»r)4 
Oornish'  ' 
I  Marble,  Egyptian  i'-  » 

Coral  ■    . '      /  i" 
Pearl.  Oriental    .  ' 

Glass,  bottle  j  .  '  . 
Marble,  .screen  Cam-  / 
panian  .       .       .  ) 

I^merald  (^f  Peru  .  .  I 
Ohaik,  British     .     '  . : 


of  Otift 
Cubic 
Inch. 


f 


i,iu|  ia2-i2:>() 
2,in() .  i;]:)-()o(M> 

2.2S()  142'.')  (KM) 

2,341  ]4rr812:> 

2,38.')  H7-2:>(M) 

2.ll<;  '  151-4(MM) 

2.:)2o  xru-rm^) 

'         2,594  1(»2-I2r)(> 

.  .   2.:)i>4  u;2-i2:)0 
.   2,(>iii  ii)3-(;87:> 
.  .   2.n2r)  i(;4*o(»2r» 

"      2,(;4(»  in.*)-(»0()n 

i  i'-.  v  2,()42:^  i(;:)-i2:)t> 
'>2,(;r>3^  i(;r>-.si2:) 
n;:)'S7.'ii 

1()(;-H7.')n 

ir»7MHUM) 

iiM-r)()0(> 
n;7-7:»iM) 

17i>-H12r» 


2,()72 

'  2;(;84 
2,783 


2,742;;  171-3750 


2,77.") 
2,784 


Marble,  Brtrift'rt 


.  I  2.S37 


Basalt,  Giawts^  Causo-  I  '     o<- 1 

way        '  *  }*<    '  •  I 

Ula&s  white  < 
Ltti&ciiftlone     *  *  . 
A^bestbs .  "  i 
'Hornblende'  •  *  * ' . 


173-437:» 
1 740000 
177-3125 

17.D-000U 


I 


Cubic 

in  One 
Pound. 

Cub.  Jpu 


Whltfe  Lead:-  J  i 
Glass,  British  flint 
Diamond,  average 


. .  "2,892  i  l»0-7-"iOO  I 
•    2,950 :  184-3750 
2,99H  I  187-2500  • 
.   «,000  1 87-5000 
I  •3,160.  •197-5000 
3,829 ;  208-0625 
3,536 :  221-0000  | 


•17(;:)0 

•22337  ' 
•2."»00(> ' 
•311)4  [ 
•3r.474  . 
•38020  ' 
•31)814  , 
•4r)}:;33  i 

•.•)Oiir)  ^ 

•5011.") 

•.";15(;2 

•511)01) 

•52777 

•5281)3  ) 

•53530 

•535S7 

•531)35 

•541)76 

•54C)21) 

•5501)2 

•55824 

•58159  I 


1 3'51)<)(» 
13-0785 
12 '8000 
I2-I2(;3 
1 J -8 1 03 
11-7351 
11-1137 
10-1)714 
lO-i;584 
10-(>581 

jo-55(;(; 

10-5325 
10^4727 
10-4<il8 
10-4214 
10-4175 
lO-38(;i 
lO-3i;28 
10-8473 
10-3H)4 
10-3010 
10-1163 


•58735  10-0831 

60590  9*8632 
61111  i  9*9&1() 
64178;  9-7455 

65740  9-653(; 


lJei;yl,pri99jal,   221-8125, 


1-67361 1 
•70717; 
*7«379  I 

^imi , 

1-82870  I 

1-  92650 ' 

2-  d46d9  (' 
2-05381 


9*5601 
9*»721 
9rd288 
9-2160 
8-7403 
8-3052 
7-8190 
7-7903 


Ly  Google 
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Tabu  87,— Wbichkt  and  Volumb  of  Bppiss  {etmtMmdy. 


Eabth,  Stones,  kc. 
(continved'). 
Gai'net,  common 
I'opaz,  average  . 
Sapphire,  Oriental . 
Garnet,  prcQiou^ . 
Bttby,  Ori^tal 
Jai^gouofpejlon 
Spar,  heavy  . 

Loadstpne  . 
The  e^rth.  Cmean  of  ) 
.  the  globe)        .  - )' 

Hbsi^s,  Gums,  &c. 

Gunj^)\vclei'.  loose  heap 
Living  men 
Wiix  . 
Ico  . 

Guiip'\V(ler,cl(>se  shaken 
Tallow  . 
Butter 
Beeswax  . 
•  Sodiuni 
Camphor 
Hosia  • 
Pitch     .    ' . 
Opium 

Gtisn  Arabic  . 
Honey 

Bone,  of  an  ox 

Phosphorod  . 
Alum  . 

Gunpowdet,  solid 
Nitxe  (8altpe!tre) 
ivory 


Oz. 


3,57r, 
3,800 

3,  y94 
4,230 
4,283, 
4,416 
4,430 

4,  J)3d 

;^,210 


1 


[it  of  One 
cFoot 


Lb. 


223-5000 
237-5000 
243-S750 
i(J4-3750 
2^7-6875 
2760000 
276-8750 
308-1250 


Weight 
of  One 
Cubic 
Inch. 


Oz. 


2-0a944 
2-ll)y07 
2-25347 
2-44791 
2-47858 

2'5636o 
2-85300 


325-(J2r)0  3*01504 


Cork 


8(11 
WM) 

m 

i)42 
1)42 

y5(> 

1)72 
1)80 
1,100 
1.150 
1.337 
K452 
1,456 
1,659 
1,660 
1,714 
1,714 
1J45 
1,900 
U917 


240 


52-2:)(M) 
5  5 '88  75 
5(;-()r)25 
5.S-I250 
5S-5(;25 
58-8750 

58-  8750 

59-  7500 

60-  7500 

61-  8125 
68-7000 
71-8750 
83-5625 
90-7500 
!I1-01K)0 

1 103-6875 
!  103-7500 
1 107-1250 
1 107-1250 
•  109-0625 
118-7500 
\  119-8125 
1  . 


()-4S87l) 
0-5 1562 
!  0-511)09 
0-58819 
()-54224 
0-54513 
0-54513 
0-55324 
0-56250 
0-56650 
0-68657 
0-66550 
0-77372 
0-84027 
0-84259 
0-96006 
0-96064 
0-99184 

0-  99184 

1-  00983 
1  09953 
1-10937 


Cubic 
Inches 

in  One 
Pound. 


Cub.  la. 


r-7315 
7-2800 
7*1001 
6-5361 
6-4590 
6-2608 
6-2410 
5-6081 

5-30<i7 


H3-0717 
81-0303 
30-8227 
29-7293 
2i)-50r>9 
29-3503 
29-2993 
28-9205 
28-4:444 
27'0or)5 
.26'0909 
24-0417 
20-67^1 
19-0413 
18*9890 
ia-6654 
16*6554 
16*1807 
ie-1307 
15*8441 
14:*o515 
14*4422 


15-0000  1 0-13888  ^115-2000 


WOOPS. 


us 


Table  87.— Weight  and  Volume  op  Bodies  (eotUmmd). 


'       »  4 

-  *  *  ' 

*  I        •  " 


Woods  (^eontinmd),  • 
Poplar  •  f  .  .  1 
Larch  . 

Fir,  North  of  Eixglawi  . 
Mahogany,  Hondarftt »  ^. 
Oedac,  Amecloan   *  •  i 

Poon   4  4 
Willow   .  '  . 
Cedar  . 
(JyprQ^  . 
Elm  .■ 
Pitch-pine 
Pear-tree  .  . 
Walnut  . 
Fir,,  Mar  Forest 
Bide  r- tree 
Orauge-tr('(! 
Cherry-tree  > 
Teak  . 
Fir,  Riga 

Cak,  Daiitzic. . 
Yew,  Dutch 
Apple-tree 
Yew,  tSpanish 
Ash 

Beech  ♦ 
Oakf  CaDadi^a      •  . 
X40gwoocl  *  '-.     .f    .  .  ] 
Oak,  English  . ' .  «  ;  j 
Box,  f'leneh      ,      .  ; 
Bia^^U-wood,  T^d  . 
Ma^hog^ny,  Spanish,  ,,,1 
Oak,  English,  iU^  yrs  al4{ 
Ebony ^  American 
"Lignnm-vitae  .  . 

Liquids. 

Ether,  sulphuric  « 


■  • 


Cubic  Foiit. 


TO 


•I  Ml  f 


Weight  I  Cubic 

I'ubu;  I  in  One 
Inch.     '  round. 


H8H 

:>44 

rifii 
.ri7i) 
r»sr) 
r>iM> 

r><)8 
m) 
m) 
<;i;i 
i;si 
(;i)4 
(>i>r> 

715 


Lb. 

28-9875 
84M)<M)0 
H4-75(K) 
35-0000 
850r»25 
3(;*1875 
3(;-5li25 
37*2500 
37-8750 
3  7 -5000 
41-2500 

41-  8125 

42-  5(;25 
48-8750 
48-4875 
44-0(;25 
44-(;s75 


745  j  4<»-5(;25 
750  i  4<i-8750 


7<»o 

78S 
703 

mi . 

•872 

; 

1,080 ; 

l,08l 
K881 


47-IS57 
47-5000 
4l»-2500 
4'.K5(;25 
,  50-4875 
52-8125^,. 

r»3-2r>0() 

54^5000 
5  57'0li25  , 
^0r(]250 

f  .64^3750,  I 
mi25 

GiW250 

73-12f50 

83-18*7: 


Oz. 

0-221(;4 

U-31481 

U-82175 

0-82407 

0-82  4(;5 

0-88500 

0-85858 

0-844UO 

o-84(;(U 

0-84722 

0-88194 

0-88252 

(»'8l)4i;7 

0-4l)U;2 

0-40219 

0-10798 

0-41877 

0-48118 

0-48102 

()-48ni)i» 

0-48981 

0-45590 

0-45891 

0-4r,70l 

.0*48900 

0-49805 

0-50'694 

0*53X^5 

0-5(il84 

O-fiiolC) 
0-67708 

0-77025 


1 


OST  ■  8:^-3r2irto-77i1i 


720  1  45-0000  iO*41(iGG 


Ottb.  In. 

71-7060 

I  50-8235 
;  49-724)6 
I  49-3714 
49-2888 
j  47-7512 
I  47-2(n5 

40-  8892 
4(i-2841 
4lr08OO 
4 1  -8909 

41-  827A 
40-599  L 
89-888(; 
89-7812 
89-2170 

88-»w;s:> 

87-1114 

8<;-s<;4o 

8(  rill  98 
8i;-87Si> 
85-08r»2 
84'8<;5(> 
84-2(;02 
82-7llCi 
32-4507 
31-7064 
30-24}?o 
28-i^030 
26-8427 
26*8680 
26-30143 
23-6iii07 
20-7728 
20-7411 


38-4000 


uiyui-n-u  Ly  GoOgle 
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1 


87.— WMSAt  and  Volume  op  boi}TEs  (ronimved)i 

I  rli  ■  ■iiiiiil  I 


1 1  J,  1 


^  Weight 

WH-ht  ofOne     |   of  One 
Cubii;»Foot.       i  Cubic 


CulMc 
Im-lips 
in  Oui' 


•  « 


LIQU'IDS  (eontinn^ff). 

Brandy     ' . ' 
Bitwinen,  liquid' 
TnT|K>iitine,  oil  6t 
Etherj  inuriatife 
Olive  oil      .     ■  . 
Moselle  wine 
Whale  oil    .  ' 
Trnof  s])irit 
Lins(»ed  oil  .  '  ' . 
Castor  oil 
WiVre,  rcl  port 

of  Bnrlrdndy 


Lb: 


•  1  • 


796  '  *4:9'7m 
837  '  T>2-812.^ 

848 '  ns-oooo 

870'.-  T>4-8750 
874  '  r)4*(»2r)0 
57  1875 
r)7'25()0 


of  Bordea*ilx 


..  whik'Chafnpair'io' 
Wntor,  distilled'.  ' 

Tir      *  '■  T 

^  <>  I  •        •        •        .    •  I 

Sc:i-water 
Milk    .     ".  '  /  . 
Ale  (average)  !  .  ' 

BlofKl,  human    '  .       ;  ! 
Muriatic  acid  ot  com-  /  | 
mcree       .    '  *  •     j  ; 
Aqua  ref?ia  .  '  .  ' 

Water  of  Dead  Sea  .  I 
Nitron*?  acid  .  .  ' 
Nitric  aeid.orarinafnrtis 


Boraeie  aeid 
Sulphuric  acid 
Quick«5ilver  . 


\)'M) 

1)70 
•MM) 

inn 

1,(H)() 

1,01 :» 
l,n4:> 

1,284 
1.240 
I,4:»2 

i,r)O0 

l.HHO 
1,S48 


r>7-<;s7r) 

5S1250 
TiSwoOO 

'f;o-(;2:)0 
f;i-s7:»o 

(11 -IKS  7.") 

(;2-i2r)0 
(12  in  2.') 
(;2-:)Oi)o 
<;H-487."i 
iij-i2:)0 

(;i-250(> 

ra-87r>o 
i;i-(;87:> 


1)2.  011^.  ^11' 

<7^4''7487 
83  0822 
'82-r.087' 
8MM;82f 

;n-r.88s' 
8(^•2l<^.s 

:  80- 1884 
2U-y544 
'2n-72'.)(^ 
2'J-4127 
21^-508(1 
2r'-i»272 
27-.^lK»n 

27-814.^ 
27-78n 
27*U8(i 
27-281M? 
2(M>478 
2H-81»4»J 
2fi-8427 


048^'37 

•0-50847 
0-5  05  78 
0-52<»51 
0-rr8001> 
0-58414 
0-58810 
O-5480S 

0-5<il8j 
0-57201* 
0-57840 
l)-57528 

o-57r»nf; 

0-57S70 
0-5S78S 
0-51)875 
0'51)I1»0 

()-5or»0(; 

(»-50S05  '  2rr7180 
0-(;0474  i?()-|574 


77-1 25(r 
77-500(» 
00-7500 


22-4051 
'  22'25SU 


.0-7048(» 

0-71412 
0-71 750 

0-84024  ''19-0«>82 
08-7500  '(WWIW  18-4000 
114-3750  15-1081 
1^3-0000  1  l-or)lf44V*13:5W)tf 


(S^e  Metali) 


If/ 


I 


•  I 


•i  «  I 


'•rt.'.'  ; 
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'  '^''^'^TABLE  Sg.— Specific  Gravities  of  Bodies.    '  ' 


(^Adopted  hy  the  ^andards  Departmeftt  of  the  Board  of 

TradcS 


>  \ 


Agate 

Alummium  (ri>Iled)  ;      \      \      \      \  , 
bronze,  copper  y,  aluminium  1  . 
Antimuuy        I      1      .      1      .      1  . 

A  *  •  *  •  •  ft 

Arsutuc'i  

Bariutn 

Hfcch    .       .  \       *       1  \ 

Bismi^tli   .       *       1  .  *. 

Bone  ,    .       .  *. 
Boroa       .       .   •  \  \ 

Brass  V 

Brigl>,  urdinnry        !       .       .       .  ! 
Bromine;     .*  . 

Bronze,  'co|»p(;r        zinc  4;U,  tin  1^'7       ^/  .  ... 
Broniifei;  <iopper  :i2.  zinc  2.  tin  (P,ail/fi) 
Bronze. coins,  cui)per  95.  zinc  J,  tin  4  . 


•»*  ♦  ♦« 
I 


I. 


.  2-(i 
2-(>7  , 
8-0 
«;72 

4-0 
(>'8 
I)-82 
1-8  to  2-U 
2-(?9  ' 
8-p  . 
217 
2-90G 

,8-4r/  . 


Calciuin   .  *  .'l-r,8 


Carbonic  acid  gas . 
Chalk,  ■  . 
Cobal^.^      .  '  . 

Copper  (ix>lled)* 
Cork  .         .      .\  .  .      .  , 

Kbony  

Ethejf,  C-H,,0,  

Glasi^s^ominary  crown 
^  .French      .      .      .  . 
„    fimt  .... 

'Stal    '   .      .      .  . 

^ilyceriiia  

Gold  . 
„   ajlloy  (18  cai-at)      .    '  .  ' 
»>   '  -.HI.,  gold  988,  copper  17 


J- 


Granite  • . 
Hydrogen 
loditie*  ..  . 
Iridiiiijau 
iron  7, 

wrought 


11 

9 


n 


I 
1 


0-  24 

1-  18 
0-7S 
.2-45  .. 

2(>ri 
Sri9 

vm 

19-32 
1 4-88 
lfe-92 
17-4*) 
1717 
^•64  to  2-7(; 

•l-U.") 
22-38  .  . 


7-79 
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Table  88.— ^PECiF^p.  e«A,y;T^pp  ps,  JJoi)M»  (i^^^itued). 


Iron,  cast  _^ 


Magnesitim  

Mahogaiiy  

Mangftnese   .  •    .  •    .      ,      .      .  , 
Marble     ,  ,*..•. 
Mercury       .     ' . '     .  •  '  .      .  .'  '  . 
Nickel  (rolled) .       .       .    •  .       ,       .  . 
Nitric  acid  (fiuuiug)    .       .       •       .  •  . 

Nitrogen  .      .      . "  

Oak      .       .  •    .  •  

Oil,  olive  

„'  sperm   

colza  .       ;    •  .    •  .       .       ,       .*  . 

Osmium  

Oxygtn  •  ,       .  . 

Palladium  (rolled)  

Palladium  alloy,  Matthev'si  Sttiudaixl,  silver  I 
(11  )7^,.  palladium,  4U7^  ;  "  .  * \ 

PetroleuDi     .  *'.'*'. 

Pine  woo<l        .       .  •  

Phosphorus  .       .       .       .       .       .   •  . 

Porcelain  

Platinum  

alloy,  platinum  tK),  iridium  10  .  . 
>i  )f        85,  15  . 

»  V         2,      „        1  .  . 

Potassium       •  •  

Quart*  •  •   .  •  . 

Rhodiuin  .      ;      .  •  

I  Bocklcrystal,  see  Quartz. 

Kuth^niupi  

Selenittoi' .  •  

Silver  . "  

„    alloy,  silver  87,  copper  B      . '      ,  . 

835      „  1(J5       .      .  . 
80      „    20    .       ;  . 

r»o     „  40 

m  «  2i  .    .  . 

Slate   

SmliuQi .       .  ... 


if 


I 

>» 
♦> 


2-52  to  2-84 
13-51^593, 
•8^67  ' 

1-  451 

0-93 
0-91 

o-y3 
o-n 

'  M0.j(>3 
11*78 

11*00' 

0-84 

'  1-77 

•  2:> 

21-45 
21-57 
21-58 

121 

4-30 
10*51 
10-38 
ItKSl 
10-20 
10-0f(? 

y-80 
10-17  ' 

2-  il  ' 
.  0-97 
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Table  88.-^jsoipic  OBAViTifift  of  Bodies  Caimtmued). 


4^ 


kSteel  (AVhitworth  s  compressed) 

-Strontium — •  •  w  « 

Sulphur  

Sulphuric  acid 

Teak  

Thallium      .   "  . 

Tin  

Water  [  [  •  ' 

W  ax  I       •       •       •       •  • 

Zinc,  sheet    .       .  . 


Specillc  Gravity. 

7-7im; 



2-0 
1-848 
0-86 
1 1  -88 
7-29 

0-96 
7-19 


][AHirFACTU££D  METAXiS. 


Tables  of  Weights  of  Maaufaetiixed  MetalA. 

The  following  tables  are  for  ilie  nn)st  pari  calculated  for 
the  ordinary  dimensions  niannfact  ured  by  the  trades. 

The  units  of  specific  gravity  and  wciLfhts  adopted  in  the 
calculations  of  these  tables,  excepting  where  otherwise  stated, 
arii  as  follows : — 


Metal-s. 


Wrought  Iron  .  . 
Steel     .       •       .  . 
C'Hst  Iron  .      .      .  . 
Lead  .... 
Copper     .  . 
^rass  (70  copper,  »i>  zinc) 

(2  1    «  ) 


v2  '5H„  '  WeiK)>t  of  Weiglit  of 
Gravity.    ,    p^,^^    ,  ^ 


Water  =  rOOO.  rounds. 


7-«9S 
7-S58 

7-  217 

1 1  -a;"):) 

8  so  17 

8-  .').')S 
8-ri08 


480 
40(1 

70S 

r)."i4-4 

.•>30-.-) 


Pmiiid. 
•277S 


•2(;04 
•4007 
'820S 

•:ioss 

•MOTO 


The  values  above  given  for  copjier  and  brass  are  the  results 
of  very  careful  investigations. iwlide  by  the  Broughton  .Copper 
Uouipany.  •  •  •  ' 
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•  The  wei.i^hts  of  other' tie  (jfflfetiMt^d  tiy-mteahs  bf 

bfUdpgitli^e  weights  of  wrought-iron,  copper,  and  the  brasse 
f^uccessively  as  J,  the  respective  multipliers  for  the  weights  < 
he  otiber^metals  are  as  follows  ir^  mii.- . .  ^  ih  „  .   f  .j  VA)  l.joi> 
I     ii'-'if  II  I  ■       ■  mnitmmtr 


1 1 


Metal. 


Wi-onn;blt  iron  ,  . 
St<'rl  .... 
(.'ast  rroii  .       .       .  . 
Ti<'a(l      .       .       ,  . 
<'oppej-      .       .       .  . 

ika&i  C7U  r.unitr.r,  iiU  y.iiiri) 


Iron  1. 


l-noo 

1-()LH»S 

l-47:>n 
i-ir):)!) 

i:UI7 


CopiM^r 
=  1. 


•8S37 
\S1 17 
]-L>771 
J  -dooo 


' '  13nLSs 


1  -s^iiy 
i-(i:j88 


rin:»2 


Bars  or  rodg  are  rolled  to  dimensions  in  iDches  and  fractions 
of  an  inrh,  as  exhibited  in  following  Tables.  Wire  generally 
is  rolled  tb^^^Ajfi^iililW^.i^^  -friln^W  lo  eoldi/f 


If 


Tubes. 


• »  I 


Boiler  tubes,  of  iroi)^  ^tjecl,^^X  ^fcr^ti.' a're^^^ 
given  external  dianjctejs.  Iron  *6r  slee^  tub<^  fpr ^^^^teitpp, 
or  water,  are  manufactured  to  given  Interna*!  ctianiejkers. 
C'o])per  tubes  also  are  ordinarily  manufactured  to  internal 
diamctcis.  The  thicknesses  of  tahos  are,  for.  the  most, part, 
re<rulatcd  on  tlie  basis  of  the  Imperial  \Vire-(iau<rc.  Hut  thor 
(lid  JjiiriaiughaxQ.  Wire-Gauge  is  also,  to  som^  /^t<fAt,  followed,  i 

I 

JpistB  i^d  Girders. 

The  <limensieti8,  weights,  and  calpulat^d  loads  qi  jaislis  Md 
girders,  of  iron:  and  st^  dare  given  in  f ollpwing  Tables.  Th& 
ialculftted  stietiigths  h{i.%se  .'been  vended,  by  jium^rcHia  actual 
tests,.  The  fsuetor  of  saftftyy  4,  applie9  to  the  unifom^ly  loftded 
joists  and  gindBTS  of 'Messrs.  Measures.  Brothers  .&  Oou;-.th&' 
Jactor,  8.  is  applied  fortho-distributet^ilpads.of  %he  sijepljoislbst 
ind.ginlers  of  Messrs.  -Desman,  liOi^g.jc  Oo. ;  aijicl  theih^rea^ing 
^yf.ight  applifid  at  the  rpntiiiR,.iH  girftn  with  thpi  fin-fiffirinpfa  .o£ 
strength  in  the  joists  of  the  Butterley  Company. 
'  JoiBts  fall  under  load^  bt  tlhid  bi^enikifi^'of  Irhe  Hange  hi 
pressioA    never  by  tensile Vtl^s.  '  ji »•••':  •  • 

The  normal  length  of  joists  is  30  feet.  .  'hi  .• 
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(  <  » 


Table  89,— Metals:  Weights  for  vAbioub Dimensions. 


Mbtal. 


2£ 
Es6 


Weight  of  On.' 
Square  Fcmt. 


-Pi--; 


Al  uminitltD ,  wrt  mght 

Antimony- 
Bismuth  . 
Brass,  cast 
„  fehect 
.„    yellow  / 
„    Muntz  metal 
,,  wire 
Bronze,  gun-iTictal 
mill  hearin£(s 


Iron  1. 


99 


small  bells 


..  F^pccnluminetal"* 
Copper,  sheet  . 
„  hammerctl 
wire 

(loltl  .  • 

Iron,  east    .       .  * 

\vruu<^hi . 
Lead,  sheet  . 
Mani^anesc  - 
Mercury 

Nickel,  hammered 

Platinum 
Silver  *       .  . 
iSteel       .       .  ^ 
I  m     .       .  . 
Zinc,  sheet      .•      .  1 
cast  •  • 


•L>s: 

•no 
•lot; 

•  1  'AH 
•001 

•111 
•i:»s 
•i.vi 

mOO 

-m 

•000 

•040 
•7«D 
•127 
•075 

•nm 

'020 

m2 
mo 


1(17 
ir,o 
4IH 

(;i7 
:»27 

.'i  1  .s 

:»ii 
:)44 
:>4iM 

4 

1200 

4:)0 
4  so 
712 
41)1) 
cS41) 

5ir» 

1S42 
655 

'490 
4H2 
449 
428 


Lk  Lh.  Lb.  ;    l^h.  I 

1:M»2  1*74  l-StM-l4;()'01)7 

i:i-8:i  p(;7  i-.^H  i-n i!-oi>2 

:U'X:V  4';ir)  ^•4S  2^1K»2;242 

.^•42  i'ri'l  ."i^M  4-2sa|-3r)7 

42-  os  :)-2»;  4^21  :^-:io7  -292 
4:M)2i  :^-40  4•:iii:^(i52l•ao4 

48-17!  .V40  4-:i2^8-;'«)7'-2i)S 

42^:is!  :i-82  4  2<;  :i-54i»:-2tM; 

44-42  :.•:>:.  4-44  h-7oi'-:^os 

44-25'  .V:>4  4-4:5  :MiS.s  H07 

4:)-83l  5-(;(;  4^r>:i.:i-7f^o;^:ii:> 

401 7  5-04'  4-02  H-H47  •27i) 

l^'iy  t'SM  8-2Dtr-2(;i> 

4:.-7n  :i-72  4-oS  :J  si:i -aiN 

U\-:\:^  5-711  4^<;8  3-8()l'-322 

4(;  i7  .-.•77  4-(>2  :i-77s:-315 

lOOOO  12-50  10-00  s-838|*<;y4 

:i7-5o|  4-i;i)  a-75  a  i25|-2()U 

40-00'  5-00^  4-00  3-83H;278 

51)-,83t  7  4  5D3)4-944!-412 

4i  r»8i  r»-20l  4arH34«5,-289 

70-75j  8-841  7-07»ri'g9ri;-491 
4308 

43-  00 


5-37!  4-80j3*583|'299 
n  VHS  18^7i  1-18  y-3a()|-777 
54-58'  *>'82l  5-4r>  4'549f37iJ 
40-83  5-12:  4-10  3-403(-284 


38-50 
37-42 
35-67 


4-81  3-85  3-308 
4'B7i  3-74  3-118 
4-46  3-57|2-972 


268 
•260 
•248 
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MAWUFACTtJKBD  MKTALS. 


Table  90.— Weights  of  Flat  Bar  Iron. 
•  » 

Length  1  Foot. 


Thiok- 
ncss. 


Incli. 
a 

111 

4 

5 

lV» 

i! 
^1 


0 


)1 
.1 

4 

)D 
in 

J- 
n 


1 


lii 


Width  in  Inches. 


i  : 

I 

•208 
•812 
•117, 

•:>2ii 

•72l> 

•DHTj 
1-04  I 

I  ir> 

1-25 

1  -ar) 

l-4fi 

1  m 


ft 
» 


Lbs. 
•2(»U 

(151, 
•7S1| 
•1)11 

1-04 

M7 

1-30 

l-4a 

1-82 

1-  05 

2-  08 


r 


I^bs. 
•812 

•4<;yi 

•781 
•1187 

1-()1» 
i-2:>  ; 

1-41 

!•:>(; 
1-72 

1-  87  j 

203 

2-  19- : 
2-34 
2-50 


Lbs.  I 

•r>47 

•721)1 
•IMl 

I 

I -28 

l-4r,  I 
i-(;4 

1-  82 
201  \ 
2^1 1)  j 

2-  37  ' 
2-5*)  ; 
2-73  I 
2-92  I 


Lbs. 
•417 

•(;2:) 


1  -04 

i-2:» 
i-4<i 

1-  <;7 

1  -88 

2-  08 
2-21) 
2-50 
2-71 

2-  92 
313 

3-  33 


H>s. 

•4(ii» 

•708 
•1)88 

M7 

1-41 

i-j;4 

1-  88 

2-  11 
2-84  ' 

2-:>8 

2-  81 

3-  28 
3-52 
3*75 


Lbs. 
•521 
•781 
1-04 
1-80 

1-  5() 
1  -82 

2-  08 
2-84 

2 -  (JO 
2^8(i 
8^18 
8-31) 

3-  65 
3*91 
417 


Lbs. 
•573 
•851> 
M5 
143 
I  72 
2^01 
2-29 
2-58 
2-8(» 

8-44 
8-72 
4-01 
4-3U 
4-58 


Lbs. 

•(;2r> 

•1)8; 
1  -25 
1-50 

1-  88 

2-  19 
2-50 
2-81 
8-18 
8^44 
8-75 
4^0(; 
4-38 

4-  (;9 

5-  00 


Thicks 
ness. 


Inch. 

i 

3 

Id 


5 

1(1 

if 
i 

* 
i 

15 


Width  in  Inches. 


2J  j  2i|  21 


Lbs. 
•(i77 
1-02 

1-  35 
l'(i9 
2103 

2-  37 
•71 

3-  05 
8%H9 
3-72 
4'06 

in 

:)-08 
5-42 


LI)S.  !  Lbs. 
•729|  -781 
1'09 
1-46 

1-  82. 

2- 19 
2-65 

2-  92. 
13^28 

3-  65 
'401 

4-  88. 
4-74 


Lbs.    Lbs.    Lbs.    Lbs.    f.bs.    Lbu.  Lbs. 


M7 

1-  95 
2*34 

2-  73 

sas 

8-92 

a*di 


1  -25 
UV7 
2-08 

2-  50 
12-92 
,3*38 

3-  7ri 
4^17 


188   1-41  1-48 


4-80  |4-o8 
4^69  {5-00 
6-08  5-42 
15^10.  .5:47  itt'4i3 
5^47  5-8(;  ,(5-25 
5-83  i6-25  i6-67 


1^77 
221 
2*6(S 
3*10 
3*54 

3-  98 
4*43 

4-  87 

5-  81 
3-76 

7-08 


1^88  I  M)8 


2  34 

2-  81 

3-  28 
3-75 


2-  47 
2^97 

3-  46 
3*9r> 


4-22 '  4-45 
4»i;9  '  riL»5 


546 
5*63 
6'09 
6*56 
703 
7*50 


^44 
5-94 
6*43 
6*93 
7-42 
7-92 


1  •of; 

2-08 

2 -(id 

313 
3*65 
4*17 
4*69 
5*21 
5*73 . 
6-25 
6*77 
2:29, 
7*81 
8*33 


1-  (;4 

2-  li) 

2-  73 

3-  28 

3-  83 

4-  38 
4-92 
5*47 
6-02 
6*56 
Ml 
7*66 
8*20 
8*75 


1^72 
229 

2-  8(1 

3-  44 

4-  01 

4-  58 
i  5-1 « 

5-  78 
6*30 
6*88 

,7*45 
18*02 

8-  59 

9-  17 
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Table  9a.— 1iV*bights  op  'Fla1**Baii  Iboix  (jimithmed). 


Thick- 
uess. 


1 1 


Inch. 

:\ 

X 
■t 

:i 

A 

7 

10 

J 
2 

S* 
10 

i 

111 

7 


-"it 


Ll»s. 

1 -  SO 

2-  40 
8-0(l 

419 
r)'89 

7-I!» 

7-  7i> 

8-  1)8 

y-r)8 


Width  in  Inches. 


Width  ii 


^1  ..■•i 
Lbs.  Xhs.  I 


,  3i  3i     3i  4 

Lis.   Lbs.  Lbs.   ibs.  Lbs. 

1-  88|  2-^8 

2-  r>()j  2-71  -  ,     .  . 

8-18  8-81)  8  (;r)  $-91  4-17  4-48|  4-r»l),  4-9.') 

8-7r)'  4-0()  4-88  4-r»!>  :»•()()  r)-81  ^■)-r)8'  5-lU 


43  r> 

Ll»s.  '  Lbs. 


2-tt2  $18  8*88  H'^4\  H'7i*\  8-%  417 

5-21 
0-2.1 
7-21 
8*88 
9-88 


4-88  4-74  :>-10  .V47  5-88  (;-2()  (i-nfil  (;-98' 


r>-()o!  r)-42  :)'88  6-2.')  r;-()7  7-08  7-r»()l  7-i>2 

'  r)-<)8'  (J-oyj  (>-r)<),  7-08  7-r)0  7-1)7  s-44[  8-1)1 

I  i\'2')  ()-77   7-21)  7-81'  8-88'  8-8:,   1)-88|  1)-.1)()  lU-4 

.  (r88  7-4:):  8-U2  S'.")!)  1)-17'  l)-74  10-8  ilo-D  11-7) 

7-  r»0i  8-18  8-7r)   11-88  l(l-()   10-G   11*8   IM)  12 

8-  18|  8-80!  l)-48lO-2  l()-8  ll-n  12-2  '12-1) 
,  8-7:)  l)-48  1()-2   10-1)   11-7   12-4   18-1  18-1) 

l)-88,lO-2  10-1)  11-7  12:>  18-8  14-1  14-8 
lU-0  10-8  11-7  14-7)  ,18-8   14-2  ,1.7>-U  15*8 


187) 
14-0 

ir)-(; 

l()-7 


Tliick. 

UHS.S. 


Inch. 

5 

i 

7 

lo 

1 

2 

J»- 
1(1 

i 

11 
1(1 


1 


15 

lo 

* 

15 


4-  .  


Wid^h  f  n  iDches. 


54 

iJ 

H  i  7 

10 

12 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

... 
Lbs. 

—  * 
Lbs. 

Lbs. 

libs. 

4-58 

5-00 

5-42 

7>-88 

(>-()7 

7-7,0 

8-88 

1»-17 

10-0 

r>-78 

6-25 

6-77 

7-21) 

8-88 

l)-88 

10-4 

11-7, 

12-7) 

(►•88 

7-50 

81 8 

S-77> 

lO-O 

11-8 

1 2-7. 

18-8 

17>-0 

8-02 

8-75 

0-47 

10-2 

11-7 

18-1 

14m; 

lO-O 

1 7-7, 

i)-I7 

10-0 

10-8 

11-7 

18-8 

17)M) 

H)-7 

lS-8 

20-0 

l()-8 

11-8 

12-2 

18-1 

17>-0 

l();i 

l.N'8 

2o-(; 

22'7, 

1 1  -5 

12-5 

18-7, 

i4-r) 

1  ;'7 

18-S 

20-8 

2:,-o 

i2-(; 

18-8 

14-1) 

H)-0 

ls-8 

•iO-(i 

22-H 

27-7, 

18-8 

1 7)-0 

10-8 

1 7-7) 

2  )-0 

22-7, 

27,M) 

27-7, 

80-0 

14-1) 

10-8 

17'i; 

ll)-0 

21-7 

24-4 

27-1 

2l)-8 

82-7) 

1 7-7> 

ll)-0 

20-4 

28-8 

2(;-8 

21)-2 

82-1 

87>-0 

17-2 

U^-8 

20-8 

21D 

2."»-0 

•28-1 

81-8 

84-4 

87-7) 

i  8-8 

20-0 

21-7 

28-8 

2<;"7 

8(IM) 

8:V8 

8r,-7 

40-0 
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Table  .Ol^y-.WBjtQHTS  of  Ro.(/?jfl  Ijjon,  , 


Length,  1 


Diam. 

[  Weight. 

Diam. 

i  ' 

Weight. 

1 . 

Diam. 

T  

W  eight. 

Diam. 

\\  eight. 

^  — 

Inches.  Lbs. 

Indies. 

'    Lbs.  ' 

Inches. 

LUs. 

Inches. 

'Cwts. 

•041 

1 

14  0 

0 

■ 

IE 

1  1 

"in 

.  1 ;»  »> 

1    1  'ttwd 

1  i  i  t>o;' 

10 

^-^ 

1  n 
1  A 

i     is  5H> 

"2 

1    1»  4 

9 

1  1*893 
t 

•125 

O  .f  1 

14 

•  ' ' '  ( . 
^. 

'  16.11* 

1 

tf\  1 

1  .^.i  lit 
;  2*110 

1  -184 

1  1  , 

'.•>  ti  1 

2f 

f  Wyrs 

•   1 0 

!  -207 

1               *  * 

I  — - 

- 

^  Z'^m  i  1 

1(1 

*> 

•}  11 

z*8ZS  1 

as 

i  -810 

1  T 

ho 

O  .Ml 

H 

^  1 

f 

9 

,  -SOS 

1  1 

■H . 

277 

.  12 

13 

3ii 

•482 

m 

29r8 

7 

I(i 

•no  I 

1  - 

J  ."v  1 

4  .)  1 

321 

- 

lo 

,r9.)(l  I. 

1 1 1 

1  U  1 

\  il>eUO-J| 

•654 

1  :i 

4  yj> 

30-8 

14 

,4%)«1  V 

•740 

1  7 

^  u\ 

H 

393 

III 
14.i 

;4*91i»  r 

1  * 

To 

<828 

1  1 

4 

41-9 

li>  1 

^•2ii9  l  i 

•922 

1  — 

^  10 

M  iCiiF 

47-3 

1 .1^ 

;i>  (lUi  |j 

4 

a 

l-()2 

1  4 

^>  ill 

u  . 

53  0 

1 

j.>'984  |j 

1 13 

Ill' 

,  <:4u 

43 

|6*364  |i 

11 
1(1 

1-24 

1  .'1 

05-5' 

■  ^ 

1-27 

1  i^i 

1  JLtl 
^«  . 

o  oU 

j 

.7f  2 

1  T  1 
l<.i  1 

j/'ld9  l| 

'  i 

1-47 

I  7 
»M 

"2 

79-!i , 

. .  In 

|<  .)7.i  1  f 

* 

Ha 

I'M) 

1  1 1 

;o  4oN  1  f 

t 

.    IS  1 
IS 

1-7.H 

■  »>  1 

«, 

.  20 

;9^3m0  1 

ft.  1 

2*  ■' 

'  IM  • 

•  .* 

:  21 

|)31  |l 

1 

K 

2-00 

Inches. 

Cwts. 

22^ 

it 

2-15 

12-(J 

H 

•987ii 

23  ' 

1 

15 

"KJ 

2-30 

2}  ! 

13-3 

7 

1-145 

24  I 

13-46  1 

?,\ 

2-4(; 

14  0 

n 

1-315 

1 
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1      TABLK  92«— W](EiaHT8  OF  SqUABI^  1^0^. 

9  > 

Lenprth.  1  Foot. 


Side  of 
Square. 

Weight 

• ;  « » — *- 

Side  of 
Square. 

1 

1  Weight. 

— fi — 

Square  J 

Sidfi  of 
.S<iuare. 

Weight. 

1.  . 

hiehea. 

*  Lbs. 

it 

•052 

11 
111 

1-58 

U" 

4-96 

.  n 

20-8 

•081 

an 

V72 

5^21 

28-0 

» 

•117 

♦ 

1-8H  ^ 

5-74 

2} 

26-2 

..ii  

•159 

2-03 

.6:80 

.  2i  . 

i  . 

•208 

2-20 

6^89 

S  ^ 

30-0 

ft  ' 

•265 

s  • 

240 

7-50 

36-2 

•826 

f 

2-55 

8-14 

40^8 

i 

•395 

i 

2-75 

8-80 

3i 

46-9 

•469 

2-98 

to 

9'(iO 

4 

o8-8 

•550. 

31 2 

1:; 

l()-2 

+i 

iU)-2 

•638 

1 

3-88 

■»i 

67*r> 

•782 

I  1 

3-r)4 

11-7 

■I* 

75-2 

4 

•888 

3-76 

12-r) 

** 

;> 

88-8 

•940 

4-U8 

2 

18-8 

•H 

91-9 

1-06  : 

u 

4-22 

n 

i:>l 

1 00-8 

i! 

1 

M7 

4-4S 

2}  ■ 

i(;-9 

■>i 

110-2 

1  -80 

1  !t 
/IB 

I- 

4-70 

■ 

18-8 

6 

1200 

1^43^ 

ft 

« 

JrepohlBar  Iron. 

The  length  of  bars  varies.  In  proneral,  it  is  4  metres  for  the 
larger  bars,  and  6  metres  for  the  smaller  Ijars  ;  with  a  tolerance 
of  j- "metre,  more  or  less.    Scjuare  iron  advaiii-es  in  size  by 

1  millimetre  from  G  to  86  millimetres.  Koiuul  iron  advances 
bv  1  millimetre  from  6  to  28  millimetres  ;  and  bv  2  milli- 
metres  from  28  to  130  millimetrei?,  with  a  few  execptiong. 

.  Flat  bar  iron       •  \       '  ' 

16,  18,  20,  22,  24.  26,  28,  30,  :32,  34,  36  millimetres,  by  1  to  3 
'millimetres  thick.  ^      '  T  •  ' 

18,  20.  22,  24,  26,  28,  30,  32  millimetres,  by  4  to  14  milll- 
metres  thick. 

34,  40,  42,  46,  48  mOlimeired,  by  1^  to  80  iDilUitietres 
thlek. 

48,  50,  52,  54,  68,  60,  ^52,  64,  66,  68,  70,  72  millimetres,  by 

2  to  40-  millimetreB  thick. 

75  by  2  to  40,  80  by  2  to  45,  85  by  2  to  50,  90  by  2  to  45, 
Slaly^2ta50rl00by2ia5a,  UO  by  2  to  40, 111^  by  2  to  40, 
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335  by  3  to  45,  140  bv  3  to  40,  150  by  3  to  45,  160  by  3  to  45, 
1(55  by  3  to  45,  180  by  3  to  45,  210  by  8  to  45.  250  bv  7  to  40, 
300  by  8  to  40,  355  by  8  to  40,  400  by  8  to  40,  450  by  8  to  40 
.  minimeti-es  thick,^     ,  ...         ^  ^ 


.  Table  93. — Wrought  Iron  :  Weight  of  One  Square 

JkKVr  FOR  ALL  THICKNEaSES  OF-  TRR  jlMPEKIAL  W£ii£ 

OAuaii  (f>taQclards  Depsntmeut).    '  '  | 

Specific  Gravity,  7*80.  * 


I.  w.  a. 

1 
1 

ThiQkness. 

Weight' 

I.  W.  G. 

'  1 

Weight  ; 

per  ^Jqnare 

Gnuge  1 

per  Square 

Gunge  : 

Numl)er. 
> 

Foot. 

Number,  i 

Fm»t. 

t 

.No. 

Inch. 

Pounds. 

No,  ; 

loch.  ' 

X  UUUUa. 

7/0 

•dOO 

20-254 » 

23  , 

-0?4 

•972  . 

6/0 

•464 

18-796 

'24  , 
25 

•0^2 

-891  \ 

.5/0 

•432 

17-600 

-OfeO' 

•810  1 
•729  I 

4/0 

•400  s 

16-203  ' 

26 

•018' 

.  8/0 

•S72 

15-069 

27 

•0164 

•664 

^/O 

•S48 

u-mi 

28 

•0148  ' 

-600 

n 

•324  i 

13-125 

29.  . 

•0136  ! 

*551 

1 

f  -JOO 

12-153 

30 

•0124.  ' 

-502  ' 

2 

•876 

11-180 

31 

•0116  ! 

•470 

Si     i    '252  4*JUi-208 

32   .  -oiaa  i 

.  .:437. 

4 

•232 

9-398 

33 

•0100 

-405 

0 

•212 

8-588 

34 

-0092 

•373 

6 

•192 

•  7-778 

35 

•0084 

-340 

7 

•170 

7-130 

36 

•0076 

•308 

8 

•160 

;  6-481 

37 

•0068 

•275 

9 

•144 

5*833 

38 

•0060 

-243 

10 

•128 

5^185 

39 

•0052 

•211 

U 

•116 

4-699 

40 

•0048 

•194 

.  12 

•104 

4^2 13 

41  .  . 

•0044 

•178 

13 

•092 

3^727 

42 

•0040 

•162 

14 

•080     1     3-241  • 

43 

•0036 

•146 

15 

•072 

.  2-917 

44 

•0032 

•130 

10 

•064 

2-593 

45 

1    ^0028     1  -113 

17 

1  -056 

i  2-268 

46 

•0024 

•097 

18 

•048 

1944 

47 

1  -0020 

•081 

19 

•040 

1-620 

48 

■00 16 

•065 

20 

•036 

1-458 

49 

-0012 

•049 

21 

1  -032 

1-296 

50 

•0010 

-041 

?*> 

'  1-134 
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Table  94.— Astole  Irons  and  Tbe  Iboks  :  Wmawn. 
 Lenorth,  1  Foot.  


Sum  of  the  Width  «imI  Depth  hi  hnsfaeff. 


1 

2 

2i 

1 

1 

•>3 

3 

H  1 

H 

Lbs. 

Lbti. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

libs. 

•78 

•88 

•1)9 

1-09 

1^20 

1^30 

1-41 

1-51 

1-18 

1-29 

1-45 

1-60 

i-7r, 

1-91 

2-07 

2-23 

1-46 

l-(i7 

1-88 

2-08 

2-29 

2-50 

2-71 

2-92 

1-70 

202 

2*26 

2-H 

2-80 

3^0G 

3-32 

3-r>8 

... 

*  *  * 

•  •  • 

• » • 

3*28 

3-«9 

3-91 

4-22 

•  •  • 

.  • » 

• « •   1   ■ « • 

• 

448 

4-84 

yum  of  the  Width  and  Deptli  in  Inches. 


Inch. 

i 
} 

J. 

10 

i 

¥ 

i 

■  it 


'  Lbs. 
2-38 
3*13 

r3-84 

4-  53 

5-  20 


1  *i 

1 

if 

* 

r. 

H 

•'1 

1  Lira. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1 2*54 

2-70 

2*85 

301 

3-l« 

3*32 

3-48 

3-33 

.  3%>4 

3-75  1  3  9« 

4-X7 

4-38 

4-58 

4-10 

'  4-36 

4-(i2 

4^88 

n-u 

5-40 

:»•(>(; 

4^84 

r>-i(> 

5-47 

5-78 

i;^09 

(;-4i 

(>-72 

5*5(i 

:)-i)2 

<i-29 

(;•(;:> 

7-02 

7-38 

7*  7.') 

7-OS 

7-r>o 

702 

8-33 

8^7r, 

7-38 

I  7^8r> 

8-32 

S-79 

9-2<; 

9-73 

» •  • 

1  ... 

8-59 

9-11 

9-03 

i()-(;s 

r 

•  •  * 

... 

•    ■ .  • 

1003 

10^62 

H-20 

11-78 

... 

1  :•• 

•    . .  • 

1.  , 

• .  • 

•  •  • 

...    i  12-50 

2  ■ 

Average 
Thick- 
ness. 


8nin  of  the  Width  and  Depth  in  Inches. 


MANUFACTURED  METALS. 


Table  94.— Angle  Irons  and  Tee  Irons  :  Weight 


-  ^   .ici)ntinucd\.  —  .  

.  I 


Thick- 

Sum  of  the  Width  and  Depth  in  Inches.  ■ 

ues3. 

— .  ^  

. .  

1 1^  I 

1  I 

12 

18 

14 

10  ' 

Inch. 

T  l\t. 
J  jDS. 

Lbs. 

Lbs.  , 

12-()8 

i2-()n 

18-28 

14-58 

•  •  • 

«  •  « 

■  •  « 

•  •  • 

7 

14:  0  / 

1.) 

H)  no 

J  \r  i  I 

11  \u 

1 
:2 

15-88 

lG-fi7 

17-50 

19-17 

20-84 

22-50 

24-17 

25-84 

& 

17-70 

18-08 

19-57 

21-44 

28-81 

25-19 

27-00 

28-98 

A 

19-53 

20-57 

21 -ra 

'28-70 

25-78 

27-87 

29-95 

82-08 

11 

21 -09 

22-8r» 

2408 

2(v8« 

28-7() 

81-08 

88-86 

85-70 

4 

28-18 

24-88 

25-(>8 

28-18 

80'r>8 

88-18 

85-08 

881 8 

2rv(n 

28-07 

29-58 

82-45 

85-8() 

88-28 

41-19 

44-12 

1 

80-00 

81 -(17 

88-888 

3(;-G7 

40-00 

48-80 

4(i  r>7 

50-00 

Table  95.— Weight  of  Flat  Bab  Steel. 

Length,  1  Foot, 


Thick- 

Widtli. 

ness. 

i 

'•i 

J 

1 

^  n 

11 

Jnch. 

>i 

A 
in 

Lbs. 
•218 

-820 

Lbs. 

•2(;(; 

•899 

Lbi;. 
•819 
-l  7S 

Lbs. 
•872 
•55,s 

Lbs. 
•125 
•(;8.S 

LbB. 
•478 
•717 

Lbs. 
•582 
•797 



Lbs. 
•584 
■877 

Lbs. 
-(;88 
•957 

1 

•1 

•425 

•582 

•088 

•744 

•851 

•9(;o 

1  -00 

1-17 

1-28 

:i 

-582 

•(»(;  . 

•797 

•980 

i-or» 

1  -20 

1  -88 

1-40 

1-59 

:< 

H 

•<;8s 

•797 

•957 

1-11 

1  •2S 

1-48 

1-59 

1-75 

1-91 

"Hi 

•744 

•980 

1-12 

1-80 

M9 

l-(;7 

1-80 

2-05 

2-28 

1 

•i 

-S51 

1-00  1 

1  -28 

1-49 

1-70 

1-91 

2-18 

2-84 

2-55 

CI 

US 

•957 

1-20 

1-48 

1-07 

l-iM 

2-15 

2-89 

2-r,8 

2-87 

(\ 

H 

i-oi; 

r88 

1-59 

1  -80 

2^18 

2-89 

2-00 

2-92 

8-19 

1  1 

U\ 

M7 

1-10 

1-75 

2-05 

2-81 

2^08 

2-92 

8-21 

8^51 

.< 

i 

1-28 

1-5;) 

1-91 

2-28 

2-55 

2^87 

8-19 

8-51 

8-88 

\-\ 

10 

1  -88 

1-78 

2^07 

2*12 

2-70 

8-1 1 

8-45 

3-70 

4-15 

J 

H 

1-49 

i-8(; 

2-28 

2*00 

2-9S 

8-85 

872 

4:-09 

4-47 

l.'i 

Hi 

1-59 

1  -99 

2^89 

2^79 

8-ll> 

8-59 

8-99 

4-39 

4-78 

1 

1-70 

2-18 

2-55 

2-98 

8-40 

8-S8 

1^25 

4-08  ' 

5-10 

000 

w  -J 


FLAT  BAR  STEEL. 
TABfr«  95.  ^W'-Hi^HT  OF  KfiAT  Har  Stkel  (rontfvifrff). 


Ineli. 


8 

I 
I 

r. 

Ill 
a 

K 

I 

2 

i»- 

K 
11 
Itt 

a 

4 
13 

ia 

7 

ft 
1.1 

U\ 


Wi.lth. 


-  H 


<•}  I 
-  : 


-  H 


Thick- 


Inch, 
I 

H 

itv 


Id 


10 
I 
2 

» 

« 
1 1 

f 
13 

I 

H 
15 
10 


1 


WuUh. 


*>  7 


Ll  .s.  ' 
I  22 
1  SS 
2-41 

:mh; 

4-Sl» 
(Ml 

i;-72 

•  < » 

s 

7 

t)-7s 


I 

l-'JI 

2r>:» 

4-  4<; 

rr7l| 
7M2 

7i;:. 

5-  2<,>i 

i>r>7 

l(i-21 


Lbs. 
2*(»7 

2-7<; 
:m:. 

41  1 

4-s:i 
(;'22 

7*(;n 

S'2:' 
[}{\: 
I  IMii; 


•1 ' 


2-2:v 

2  UN 

:;-72' 
4-4(; 
:>-2i 
:>•*,!:. 

rr7o 

7-1 1 
1  l-ic. 

1  |-iH 


2-:i'.) 

4-7S 
7-ls| 


Ll.s. 
|-7i» 

2:.:> 
i-2:» 

7-(;<;i 
s-r>o, 


Ll.s. 


i-.M 
:»-4i 

7'2:{ 


1! 

Ll.s. 


L7S 
.V74 
<;-7n 

7"<'.). 
s-.;r 
<c.*.7 


.i 
I 


on 
-I 


LV.s. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lb.s. 

Lbs'. 

Lbs. 

•714 

•71i7 

•s:)j 

•i>:>s 

l-Ml 

l<m; 

Ill 

1-n; 

1-04 

1-1 1. 

1-iim; 

1  -^s 

I -31; 

1-13 

1  •:>  1 

1 

i-«;7 

h7:» 

1  -HS 

1-41> 

I  -:*[) 

l-7(. 

LSI 

LIM 

2  •<  >2 

2-13 

2-23 

2-31 

1-73 

l-Sf, 

1  -D'J 

2-13 

2-2*; 

2 -311 

2-.')  2 

2-«;c. 

2^7l) 

2(»7 

2-23 

2-31> 

2-:»:> 

2^71 

2-S7 

3-113 

3-111 

3-3:» 

3-:.i 

2*42 

2-«;() 

2-7H 

2-l>S 

3-i(; 

3-3:> 

3-r.3 

3-111 

2-7(; 

2- IIS 

3vV.l 

3-4<> 

3-(;i 

3S3 

4-(M 

1-2'. 

1-h; 

LCS 

311 

3-3r. 

3-.'l> 

3-S3 

1-07 

L31 

4-:>i 

L7S 

:>-ii2 

:.-2<; 

3-4:» 

3-72 

3IM.I 

1-2:. 

4:»2 

;4-7s 

.*)•,*>  1 

:>'S4 

3-sn 

4-n:) 

4-311 

•LCS 

ll>7 

:.-2(; 

r.-sc. 

r.-Li 

(;-i3 

1  14 

4-ii; 

1-7S 

Trio 

.V^2 

.".•71 

i;-o(; 

(;-3s 

iMii) 

7^oi 

4-lt» 

4-S4 

.-.•is 

■):>3 

.■.•S7 

(;•'>•) 

(;-:.7 

(•.1)2 

7 -21; 

1  •.S3 

:)-2l 

."•.'.S 

:>'[){', 

r,-32 

7-<»7 

'7-11 

7-Sl 

s-is 

VIS 

.■.•:)S 

.-.•1>S 

r,:;s 

<;-7s 

71S 

7"~»S 

,  '.IS 

s-37 

S-77 

.""»•.")  3 

.*.■•>(; 

(;'3s 

f.-sl 

7-23 

7(;(; 

S-(»s 

s-.M 

s-i»3 

i»-3<; 

I.l)s.  Lbs. 


4-  01 

i;-<Mi, 
7-<i7 

5-  (IS' 

l)-ni)l 


4-2:» 

.-•:;2 
(;-3s 

7LI 

s:.() 
i)^:»7 


hi-in  io-(;3 
i>-jl  io-:.2  11-11  1 1-70 
!)•:,(;  i()-2<>  H>-s:)  i  i--is  1212  i2-7(; 

lii'37.1  I-im;  1  L7r)  12-44  L3-13  13-S2 

iMi;  iMMt  12-r,:,  i3'i()  l  i-i  1  Li-8i> 
I  lik;  i2-7<;  i3-.-)(;  li-3:»  ir.-i:.  i:)-i)5 
i2-7(;  i3-f;s  1  lk;  i:>-3i  iirw;  i7-ol 


by  Gt)Ogle 
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.  MANUFACTURHU^  METAl^ 


Table  94. — Akgle  Iron?;  and  Tee  Iroxj?  :  W!bl 
^.   Qumtiiiuiid^  ■ 


Average 
Thick, 
ness. 


Inch. 


ft 

4 
i 


Sum  of  the  Width  and  Depth  in  Inches. 


10  t  10^ 


Lbs. 
12 -OH 

18-  95 
15-83 
17-7() 

19-  53 
21-r>9 
2:M3 
2«-(il 
30UU 


Lbs. 
12-<U) 
U'Cu 
lO-B? 
18-08 
20-57 
22-8(> ' 
24-38 
28*07 
31G7 


11 

Lbs. 

18-  28 
15-40 
17-50 

19-  57 

21-r.i 


25 -08 
29-58 
33-333 


12 

Lb'?. 
14-58 

l(;-8() 
1917 
21-44 
28-70 

2r»-8(; 

28-18 
82-45 

3G-G7. 


13 


LbB. 

*  •  • 

18-81 
20-84 
28-81 
25-78 
28-70 
80-(>8 
85-8(; 
40-00 


14    !  15 


Lbs. 

I  I 

19-77 
22-50 
25-19 
27-87 
81-03 
88-18 
38-28 
43-30 


21-22 
24-17 
27-Ol'> 
29-95 
88-36 
85-(>8 
41-19 
4(i  iu 


I 


TabiiB  95,— Weight  ot  Flat  Bar  Stbjjl. 

Letigthy  1  Foot 


Widtli. 


I 

1 

-i- 

i 

i 

i 

1 

Lbs. 

Lbs. 

Ll)s. 

Lbs. 

Lbs. 

-218 

•2r)() 

-8 1 9 

•872 

-425 

-820 

-899, 

•478 

-558 

-()88| 

•425 

-582 

•i;88 

-744 

•851 

-582 

-r>n-> 

-797 

-980 

l-0(i 

-r>88 

•797 

•957 

1-11 

1-28 

-744 

•980 

M2 

1-80 

1-49 

•85 1 

1-0(1 

1-28 

1-49 

1-70 

•957 

1-20 

1-48 

1-67 

1-91 

l/Ol> 

1-33 

1-59 

1-86 

.  2-13 

1-17 

1-46 

1-75 

205 

2-34 

1-28 

i-n9 

1-91 

2-23 

2.55 

1-38 

1-73 

.2-07 

2-42 

2-76 

1-49 

1-86 

2-23 

2-60 

2-98 

1-59 

1-99 

2-89 

2-79 

319 

1-70 

2-13 

2-55 

2-98 

3-40 

1 

H 

L]>8.  I 

•478! 
-717 
•9(10 

V20 

1^48 

l-(>7 

1-  91 

2-  15 
2-39 

2-  63 
2:87 

3-  11 
3-35 
3-59 
3-83 


_14 

Lbs. 
-582 
-797 

1  -or> 

1  -88 

1-  59 
P8(> 

2-  13 
2-39 

2-  06 
?-92 

3-  19 
3-45 
3-72 

3-  99 

4-  25 


IS 


Lbs. 
•5hi 
-87. 

117 

1-  4(1 

2-  05 
2-34 
2-03 

2-  92 

3-  21 
8-51 
8-70 

•1  -09 

4-  80 
1 4«>* 


1 


<  >  T 

r>-i( 

'  7'7H 

^•^74 
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MANUFACTURSl)  MSTALS. 


Table  94.— Angle  Ikons  axd  Tee  Irons:  Weight 
.    .^.....^ — jcuMiuMfd),  — — .  —  ^ 


Average 
Thick, 
ness. 


Sum  of  the  Width  and  Depth  in  Inches. 


10  1 

J 

104 

11 

• 

12 

 » 

18 

-  .  — 

14  ! 
.  • 

Lbs. 

15 

16 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Jibs, 

Lbs. 

12-03 

J21JH 

13-28 

14-53 

1 

•  •  • 

* 

•  •  • 

•  to  • 

13-1)5 

15-40 

16-86 

18-31 

19 '77 

21-22 

22-67 

15-83 

ir)-(?7 

17-50 

19-17 

20-84 

22-50 

24-17 

25-84 

17-70 

18-63 

19-57 

21-44 

23-31 

25-19 

27-()6 

28-93 

1 9-53 

20-57 

21-61 

23-70 

25-78 

27-S7 

29-95 

32-03 

21 -oy 

22-86 

24-03 

26-36 

:  28-70 

•31-03 

38-36 

35-70 

23-13 

24-38 

25  (>3 

28-13 

30'(>3 

,33-13 

35-63 

38-13 

2(»-(n 

28-07 

29-53 

32-45 

35-36 

3S-28 

41-19 

4412 

3(1*00 

31G7 

33-333 

36-67. 

4000 

43-30 

1  46  4)7 

50-00 

Table  95.™ Weight  of  Flat  Bajr  Steel. 

lien^,h,  1  Foot. 


nesa. 


luch. 

i 
i 

5 

10 

i 

A 

J 

•2 

11 

"llT 
3 
4 

ri 
lit 

i 


Widtii. 

i 

1 

li 

11 

1| 

Lbs. 

Lbs. 

LU. 

Lbs. 

LbA. 

Lbs. 

Llw. 

Lbf<. 

-213 

-2r»6 

-3 1 9 

-372 

•425 

-478 

•532 

-584 

•638 

•320 

-399 

-478 

•558 

•r,3s 

-717 

•797 

-877 

-957 

-425 

•532 

-638 

-744 

-851 

•9<;o 

1  -06 

1-17 

1-28 

•:>:V2 

•66 

•797 

•930 

1  -0(> 

1-20 

1  -33 

1-46 

1-59 

-638 

-797 

-957 

Ml 

1  -28 

1-43 

1-59 

1-f  l> 

1-91 

•744 

•930 

1-12 

1  -30 

1-49 

1-67 

1  -Sf; 

2-05 

2  23 

•851 

l-0() 

1-28 

1-49 

1-70 

1-91 

2-13 

2-34 

•957 

1-20 

1-43 

1-67 

1-91 

2-15 

2-39 

2-63 

2-87 

i-oi; 

1-33 

1-59 

1-86 

2-13 

2-39 

2-06 

2-92 

3-19 

1-17 

1-46 

1-75 

2-05 

2-34 

2-63 

2-92 

3-21 

3-51 

1-28 

1-59 

1-91 

2-23 

,  2-55 

2-87 

3-19 

3-51 

3^83 

l-3f? 

1-73 

2-07 

'2-42 

2-76 

|3-11 

3-45 

3-70 

4-15 

1-49 

1-86  2-23 

i  2^60 

2:98 

3-35 

3-72 

4-09 

4-47 

i-.ia 

1-99  )  2-39 

|2-79 

319 

'  3-59 

3-99 

4-39 

4-78 

1-70  12-13 

1 

,2-55 

|2'98 

3-40  . 3-83 

.  4-25 

4-68 

5-10 
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FLAT  BAR  STEiSL. 


(Thick- 

* 

1 

Width. 

f 

 1- 

1  If 

o 

1  2 

-   

1 2i 

j   .  8 

1 

i  ^ 
f  " 

Inch. 

Lbs. 

Lbs. 

,  L\iii. 

Lbs. 

,  -            .  . 

1  1  b>i 

t 

I 

Lbs. 

Lbs. 

i  Lbfl. 

Lbs. 

A 

m;i)1 

•744 

•707 

•9()4 

;  '9.") 8 

l-oi 

;  iM)(; 

11-11 

!  1*1(» 

MI 

I  -28 

i*8(; 

1-48 

1  l-.-il 

I  •.->9 

i-(;7 

(  1-75 

i  i 

1-41) 

i-r.i> 

1-7U 

1*81 

1  -91 

, 

'218 

2-23 

,  2-84 

!  1 

1-73 

i-si; 

I  'Oi) 

2-18 

la*  ♦»»/ 

1  2  •7)2 

1 2(;(; 

2-79 

i  0-<l9 

2-07 

2-28 

•^•71 

■•>*87 

i8-08 

,  819 

8-85 

8-51 

7 

t  To 

2-42 

2-(]o 

2-79 

2-98 

8-11; 

8-8r> 

Iff    •  /  •  r 

}8r.8 

8-72 

8-91 

4-09 

i 

2-7r> 

2-'JS 

8-40 

8-(;i 

18-88 

4-04 

1  4-25 

j4-46 

1  4-H8 

ft 

HIT 

8-S8 

4  .>  1 

4-:.4 

1 

4-78 

5-(i2 

'  5-2r> 

i 

.S-72 

4-2:. 

4r.2 

4-78 

'  r.-or) 

r>-81 

.■>-r)8 

5-84 

'  Til 

4-0'.) 

14 -89 

4m;8 

4^97 

."■»-2(; 

:)-8r. 

I  rrl4 

(;-48 

'  3 

i 

il4 

4-4<; 

;4-78 

.-.•42 

!.V7^ 

(rOG 

1  r.-88 

7-01 

111 

f  lit 

4-S4 

:)-is 

:.-87 

10-22 

(;-r)7 

1  (•.-92 

7-2(; 

7-«;o 

7-  - 
K 

r>-2i 

r)-9n 

n-82 

'n-79 

7-07 

1  7-44 

'  7-81 

S-18 

ir. 
lis 

VIS 

:>-58 

r>-98 

(i-8,S 

(;-78 

:7-l8 

7^r>8 

1  7-98 

,  8-87 

8-77 

1 

f;-8i 

7-28 

7m;<; 

8-(»S 

i  8-98 

9-8i; 

Tliick- 

-  — 

1 

t 

■  —  - 

• 

• 

3 

r  3i  1 

H  1 

1 

•*  i 

. .  -  . 

_  ' 

-  -  - 

•  ^ 

5 

,  .  

Inch. 

Lbs. ' 

I/bg. 

Lbs. 

Lbs.  ' 

Lbs.  i 

Lbs.  1 

Lbs.  1 

libs. 

Lbs. 

Lbs. 

1 

« 

!*22 

I-2S 

1  -88 

1-49; 

Iv9 

1-70 

! 

1 

•••  . 

•  •  • 

•  «  • 

•  •  « 

1(V 

1-91 

2-07 

2-28; 

2-89 

2r»r> 

...  1 

•  •  • 

•  •  • 

•  •  • 

2-44 

2-rhK 

2-7(; 

2-9s; 

8-19 

8-4(1 

8-6  li 

388 

4-04' 

4-25 

5 

TO 

HID 

8-4:) 

8-72! 

8-9S 

4^2:> 

4-51; 

4-78 

5-05 

5-82 

ii 

3-(;7 

4-14 

4-4«;j 

4-78 

:>-io 

r»-44 

r)-/4| 

&{){') 

()-88 

t 

id 

4-2S. 

4-4r,| 

4-88 

r>-2l! 

5-58 

5-95 

()-82 

6-70 

7-07 

7-44 

J 

■l 

4-81) 

<;-88i 

i;-8() 

7-28 

8-08 

8-50 

») 
111 

.")'.")( )| 

r,-74 

(;-22 

i;-7(i 

7-18 

7-(w; 

8-18 

9-09 

9-57 

h 
H 

(;-9I 

7-44; 

7-97 

8-."')(l 

9-04 

9r,7 

10-10 

io-(;8 

?  .11 
1<1 

(;-72' 

7-02 

7-(;() 

819 

8-78 

9-8i; 

9^94;i0-:.2 

Il-IL 

11-70 

T 

7-(i:» 

8-29 

8-98, 

9-:)(; 

l(>2o' 

11-48  12-12  I2'7(> 

*  10 

8-29 

8-98' 

9-68'lO-87i 

11-75  12-44  1818  1882 

1  7 
« 

9r)7 

1()-41  IM(>' 

11  •90' 

i2-(;:> 

18-40  14-14  14-89 

1 .1 
Jii 

1)171 

9-57ilO-37 

11  in  ii-9r>;]2-7<;  KJ  or,  i4'8.-. 

15-15 

15-95j 

1 

1)-7S  10-21 

1  I  im;  1 1-91  12-7(;  I8-(;8M-4(; 

15-81 

17-01  1 

1 

•  •  • 

*f  • 

■ 

• 

■ 

■  « 

*  t 
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TABLB95.— Wkioht  of  Flat  Bab  Steel  (nonHmied). 


Thick- 
ness. 


Inch. 

i 

s 

16 


7 

IS 
1 
•1 

9 
1(J 

A 

R 
11 
10 

3 

k 


Widtlk 


H  6 


Lbs.  Lbs. 

4-  68  5-10 

5-  84  6-38 
7  02 . 7-66 
8-1  i)  8-93 
y-3(;i0-21 

10r>8  11-48 

11-  7();i2-7r) 

12-  S7M-04 
14'U4  l.")-;^! 


6i  j 


I 


ir)-2i 

lG-87 


l()-59 
17-8(> 


17-  :)4  lt)-14 

18-  71.20-41 


Lbs.  .  Lbs. 

5-  53  5-95 

6-  91  7-44 

8-  29  8-93 

9-  68  10-42 
licrn  11-91 
12-44  13*40 
il3-82  14-89 

;i.v2o  ;i(>-37 

'\iV:^{)  !l7-8f) 
.17-i>7  119-35 

19-  85  20-84 

20-  73  21-33 
j2212  :23-82 


I 


Lbs. 
6-80 
8-50 

10-  20 

11-  90 
13-60 
15-30 
;i700 
.18-70 
20-40 

22-  10 

23-  80 
25*50 
27-20 


Lbs. 
7-66 
9-57 
H-48 
1389 

16-  31 

17-  23 
1914 
^1-05 
22-97 
24-88 
2(;-80 
28-71 
30-60 


10 


Lbs. 

8-51 
10-63 
12-7e 
14-891 
17-01 
1914 
21-27 
23-39 
25-32 
27-65 
29-77 
31-90 
34-03 


11  ;  12 


Lbs. 

9-36 
11-70 
14-04 
16-37 
18-71 
21-05 
23-39 
25-73 
28-07 
30-41 
;82-75 
135-09 
37-43 


I  Lbs. 
10-21 
'12-76 
15-81 
17-86 
20-42 
22-97 
25-52 
28-07 
30-62 
331 8 
85-73 
88-28 
40-80 


Table  9G.— Weight  of  Squake  Sxkel. 

T.(MiL'-t]i,  1  Fnot. 


Side  of 
Square. 

m 

Weight. 

Sido  of 
Square. 

Weight. 

Side  of 
Square. 

Weight. 

Side  of 
Square. 

Weight 

.Inches. 

Lbs. 

Inches. 

Lbs. 

Inches. 

Lbs. 

Inches. 

Lbs. 

1 

8 

-053 

1-61 

IJL 

5-06 

,  21-3 

-083 

r 

i-7(; 

5-32 

2« 

1  23-5 

•120  • 

1-91 

If:.  ■ 

5-86 

2f 

25-7 

•163 

P 

2-08 

n 

6-43 

28-1 

i 

•213 

2-25 

\ii 

703 

? 

30-6 

-269 

2-45 

7-71 

H 

35-9 

•332 

2-61 

n  ■ 

8-31 

H 

41-7 

•402 

2-81 

8-99 

^ 

47-8 

i 

•479 

2-99 

111 
'i» 

9-80 

4 

54-4 

•562 

3-19 

10-4 

■»! 

61-5 

-651 

1 

8-40 

11-2 

H 

(J8-9 

•748 

8-(;i 

H 

12-0 

ii 

76-S 

\ 
•1 

•851 

'  10 

8-84 

115- 

12-8 

mm 

.1 

85-1 

1  --060 
TO  1-08 

4-]] 

'} 

18-(; 

98-8 

4-81 

')  1 

15-4 

5.V 

102-9 

1  -20 

life 

-'d  ■ 

17-2 

112-4 

s 

H 

1  -88 

4-8l» 

19-2 

6 

122-5 

1-47  ' 

1 

Mi 
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ROUND  SXBSU 

ft  *  • 


TABJUE  jJT.-TrWKIGHT  OP  ROUKD  3TB£Ii.. 


.  _  — 

Uiain.  }  Weight. 

• 

Diain. 



Weight. 

Diam. 

Weight. 



1 

Inches. 



Lbs. 

Inches. 

Lbs. 

Inches. 



Lbs. 

-  -  — - 
Inches. 

Cwts. 

i  • 

•042 

1 

2-(nS 

n 

15-1 

8 

1-527  , 

5 

•Ofio 

l^i 

2-84 

1 5 -9 

8i 

l*72i> 

* 

•094 

10 

3-02 

2i 

l(J-8 

9 

1^932 

•128 

1^^ 

321 

25- 

18-4 

2*lii4 

•ir»7 

3-38 

2i 

20*2 

10 

2*387  ' 

•211 

1_5. 

3*57 

'>! 
-8 

3 

221 

lOJ 

11 

•  ■ 

2-681  < 

•2(>1 

In 

377 

24:1 

2*887  i 

•317 

life 

3*98 

26*1 

Hi 

3-lo2)  : 

i 

•376 

li 

4^17 

28*3 

12 

3*436 

a 

32 

■A 

•441 

4^8 

30-4 

12i 

AAA 

3*732 

•511 

1  & 
10 

4*^1 

H 

32*8 

13 

4*032 

15 

^  IS 

•5tJ7 

4-8U 

3} 

3iirl 

4  Aft  4 

13i 

4-349 

•658 

If 

oHJ^ 

37-r) 

14 

1    /*  *T 

4-(wfi 

!  M 

•755 

!  5'19 

40*1 

m 

j)-31< 

^» 

'845 

if 

if 

,  e«oi 

4 

42*8 

li> 

o*f>t)8 

32 

•941 

6-52 

4t**8 

l->i 

.i-r33 

! '  < 

1-04 

-  *" 
1| 

1  7-05 

o4*l 

(»-l08 

•fi 

1^15 

In 

7-()2 

()0'3 

l()i 

(»*49(> 

1-29 

.  8-19 

r> 

(»(»-9 

1  / 

(»-89() 

1-30 

S-78 

•V} 

73*7 

/  '308 

1-50 

9-39 

80*9 

18 

/•/31 

i  iia 

10*0 

88-4 

19 

1  k     i  *  1  1 

8^bl4 

tt 

i 

1-77 

2 

1  10-7 

Utr2 

20 

9  4)4;) 

1-90 

118 

21 

io-:)3 

2-04 

'  12-0 

Incht's. 

;  Cwts. 

22 

11-55 

IS 

2-20 

"111 

')! 

-4 

i  12-9 

1  1-008 

23 

l2-(>3 

2-35 

7 

I  1-109 

24 

13-74 

2-51 

2& 

i4'3 

H 

1-342 

« 

1 

Table  98. — Steel  FLATiis:  Ordinahy  Sizeg. 


nesB* 


^  Haxi-  Maxi-  ]  Maxi- 
:  mum  •  mum  i  mum 
I  Area*    Length.  ,  Width. 


Tlii.-k- 


Maxt* 
muni 


Maxi-  '  Maxi- 
mum I  mum 
Length.  |  Width. 
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Table  9o.—WBiaHT  of  Flat  Bab  Stbel  (jumHimed), 


Thick- 

■      W    ■  ■ 

P  V  V 

Widtlk 

M    •  mm 

.  tiess. 

1 

1 

1 

t 

"  1 

1^ 

6 

7  1 

1 

8 

• 

9 

10 

11 

'  Inch. 

Lbs. 

Lbs. 

Lbs.  . 

r 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

4 

4-(i8 

r)-i() 

5-58 

5*95 

(;-80 

7-(;6 

8-51 

9-86 

10*21 

5 

l3 

5-84 

0-88 

(i-91 

7-44 

8-50 

9-57 

10-68 

11-70 

12-76 

i 

7-02 

.  i-m 

8-29 

8-98 

10-20 

11-48 

12-76 

14-04 

15-81 

7 

8-Jl) 

8-1)8 

9-i;8 

1(1-42 

11-90  18-89 

14-89 

16-87 

1 7-86 

y-S(;!io-2i 

11 -or, 

n-iu 

18-60 

,15-81 

17-01 

18-71 

20-42 

9 

10-581 11-48 

12-44 

18-40 

15-80 

17-28 

19-14 

21-05 

22-97 

s 

H 

ll-70,12-7r) 

18-82 

14-89  17-00 

1914 

121-27 

23-89 

25.52 

11 
Til 

All 

12-87 

14M)4 

15-20 

;i(;-87 

18-70 

21-05 

128-89 

25-78 

28-07 

4 

1404 

i:>-8i 

16-59 

;i7-8<; 

2r)-io 

122-97 

125-32 

28-07 

80-62 

13 

1;V21 

16-59 

,17-97 

:i9-85 

22-10  124-88 

'27-65 

80-41 

38-18 

U)-H7 

i7-8(; 

19-85 

20-84 

28-80  I26-80  29*77 

82-75 

85-78 

17-:i4 

19-14 

2()-78 

21-88 

25-50 

>28-71 

81-90 

85-09  88-28 

1 

18-7X;20-41 ,22-12  ;23-82 

1  1 

a 

27-20  jau  tju  |84  oa 

^•43  40-80 

Table  96.— Wkight 
Length, 


OF  Square 
1  Foot. 


Steel. 


Side  of 
Square. 

• 

Weight. 

Side  of 
Square. 

Weiglit. 

Side  of 
S(|Uiire. 

Weight. 

Side  ofi 
Square.: 

Weight. 

Inches. 

Lbs. 

Inches. 

Lbs. 

Incbes. 

Lbs. 

Inches,  i 

Lbs. 

•058 

1-61 

1* 

5*06 

21-8 

•088 

l-7r, 

li 

5-82 

28-5 

•120 

1-91 

If. 

5-86 

n  : 

25-7 

7 

•168 

2-08 

18 

6-48 

28-1 

J 

1  -218 

l\ 

2*25 

lis 

7-08 

80-6 

!  -269 

2-45 

l-i 

7-71 

85-9 

r* 

IS 

!  -882 

H 

2-(;i 

8-81 

41-7 

1  -402 

2-81 

i; 

8-99 

47-S 

i 

\  -479 

ir. 
Ki 

?! 

2-99 

9-80 

54-4 

j  -562 

8-19 

15 

10-4 

li  I 

61-5 

1  -651 

1 

8-40 

11-2 

68-9 

15 

55 

'  -748 

;  8-61 

15 

12-0 

4}  • 

76-8 

I 

•2 

!  -851 

8-84 

'iii 

12-8 

i> 

85 -J 

17 

3« 

1  -4)60 

1^ 

'  4-11 

•) 

18-6 

-i 

98-S 

p 

Tff 

i  l-<»8 

1  4-81 

•>  1 

-8 

15-4 

102-9 

Jii 

32 

1-20 

4-57 

'  17-2 

H 

112-4 

A 

K 

1  -88 
1-47 

4-8i> 

.  n  . 

19-2 

1 

6 

•  • 

122-5 

Digitized  by  Google 


32 


MANUFAC'rUUKD  METALS. 


ABLE       -Weight  PER  Sqt: ARE  Foot  of  «teel  Sheets 

AND  Plates.   

 rThe  Sfeel  IM])e  Coin  pan  v.)   


Tliickuess. 


I  

Iiiiperir.l 

Inch. 

Inch,  fst^ndard 

(iauge. 

I  Weight 

Foot. 
Pounds. 


■0(i4 

•072 

•080 

•01)2 

•09H75 

•104 

•IK) 

•125 

•128 

•144 

•15f)25 

•ino  j 
•I7r>  I 

•1875  I 
•H)2  ^  ' 
•21 2 


10 


II 


.3- 
32 


Tvi 


A.- 


k; 

15 
14 

•  •  • 

12 
11 

•  *  • 

10 

s 

7'; 

•  •  • 

5 


2-55 
2-1)1 
2-1)4 

8-2r, 

8-75 

:V87 

4-24 

4-  78 
51 0 

5-  22 
5 -87 

r)-87 
<;-58 

718 

7-(;5 

7^88 

s-r»5 


Thickness, 


Inch. 

f  1 

T  ' 

Inch. 

1 

!  •    •  1 

ilinpcri.ll  1 
Standaiil  i 
Gauge. 

•21875 
•282 
•25 
•252 

35      1      •••  1 

4 

^  I 
...  •) 

•27C) 

... 

2  1 

•800 
•8125 
•875 
•4875 
•500 
•5(;25  ' 
•(•,25  ' 
•i;875 
•/;» 
•875 
1-00 


i 

in 

i 

in 

h 

ft 

11 
lit 

f 


Weight 

l»er 
f5quar 
Foot. 
Pounds. 

8-U7 

i)-4i; 

10^20 
10-28 
11  •2(5 
12-24 
12-75 
15-30 
1 7^85 
20^40 
22  1)5 
25^50 
28-05 
80-()0 
85-70 
40-80 


Table  loo.— Chisel  Steel:  Weight. 
■         Loneftli.  1  Foot: 


DiametiM' 
across  tin; 
Sides. 


Inches. 
I 


Wei-lit. 

jHexagonal  Octagonal 
j  Section.  |  Section. 

PoundH.  ♦  Pounds. 

•414  •8i>i; 


•78G 
M5 

I  2-25 


•704 
MO 
1  -58 
21H 


lJian:eter 
across  the 
Sides. 


Inches. 
1 

11 


Weight. 


ii! 

1} 


\-\~7T.:  

I  Hcxaproual'  Octagonal 
S»*cti«)ii.   \  StM'tion. 

Pounds,  Pounds. 
2^i>4  2  82 

8^78  8-5(; 

4^<;o    I  4^40 

5*57  5-82 

r.-(;8  r)-84 


•      Oval  VuK't  Sfxjtion. 
Widtli  X  Thickness.  ;  , 


1 1. 


Ia<dies. 


4- 


Wciglit. 

Pounds. 

•858 
1  -52 
2-37 
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Table  101.— Sizes.  Weights,  Lengths,  akd  Bbeaking 

issued  by  tbu  Iruu  and  Steel  Wire  Manufactuiciti'  Association, 

January  15,  1884. 


(Imperial  Standard  Wire-Gauge.) 


Diameter. 

Sec- 
tional 
Area. 

Weight  of 

Lcni'tli 
of  Cwt. 

1 

_„  

Breaking 
Stress. 

1 

• 

j 

JilWU. 

metres.  S(i.  Ins.; 

100 
Yarrirt. 

1 

Mile 

All-  I 
noaled.  i 

I 

I 

t  1  

Lbs. 

Yards.  I 

Lbs. 

Lbs. 

7/0 

12-7 

•lyus 

«  «n:v* 

58 

1II17II 

.6/0  , 

lib 

>  ««PmU 

67 

5/0 

11 

•14f»« 

It*  •* 

(  «tf*JL 

78 

4/0 

«J.IUI 

10-2 

•1257 

1 94<A 

91 7<) 
^1  f  •/ 

91 

A709 

innR9  ' 

3/0  • 

9'« 

9*4 

•1087 

iU4  1 

105 

XT  Oft 

2/0  ' 

•4J.fi 

0*0 

•U9iii 

vO  t 

120 

8-2 

•0824 

fil  '*} 
OJ>  A 

138 

1 

•41  HI 

7-6 

•0707 

U«7  11 

161 

4770 

2 

7 

•0598 

xifi-4 

190 

*-#o«i 

3 

6-4 

,  -0499 

still 

228 

9#iftll 

4Q(in 

4  1 
*>  1 

5rll 

•0423 

*»  o 

269 

99rt4 

44fi1  • 

•919 

0-4 

•0353 

Ox  O 

1MM4 

9Ji9J.  • 

6  . 

4-11  1-0290 

28-5 

502 

893 

1544 

2316 

7  1 

'17n. 

4^5 

•0243 

4(57 

8  ! 

•ifio 

4-1 

•0201 

19-8 

848 

1072 

1«08 

9 

•144 

H-7 

•01(58 

1(> 

282 

700 

8r»<» 

1808 

10 

•128 

H^3 

•0129 

12-7 

228 

'  882 

(•»87 

1 080 

11 

•IK) 

8 

•010(> 

1 0-4 

'  188 

1077 

'  r.ci 

845 

12 

•104 

2-<) 

•008 5 

8-4 

:  148 

1888 

454 

080 

18 

•092 

2^8 

•oo()(; 

6-5 

i  114 

1 728 

855 

582 

14 

•08(» 

•iM):)0 

i) 

88 

2240 

2(;s 

402 

in 

•072 

^8 

•0041 

4 

70 

2S00 

'  218 

820 

Ui 

•or»4 

!•() 

•0082 

8  2 

8:)Oo 

,  172 

257 

17 

•o:>i» 

1-4 

•002.", 

:  2-4 

42 

4r)(;7 

!  181 

107 

18 

•048 

1^2 

•0018 

1-8 

82 

<;222 

1»7 

145 

11) 

•040 

1 

•0018 

1-2 

•  21 

i  U888 

07 

100 

20 

,036 

1 

• 

•001.0 

j  1 

;  18 

11200 

j  55 

82 
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Indian  (joyemm«nt  Telegraplui. 

Tklegkaph  Wires  fob  JjIJSB^  ai^d  Cablics. 

The  data  for  inspection  as  to  size,  weight,  tensile  strength, 
and  ductility,  for  all  sizes  of  telegraph  wires  in  use  by  the 
Indian  Government,  are  gi^en  in  the  Tables  102  and  lOH,  for 
line  wire  and  cable  wire.  The  wires  are  of  iron,  galvanised, 
in  testing  the  wire  for  tensile  strength,  it  is  loaded  by  direct 
weight  vertically,  and  is  required  at  first  to  lift  a  weight  equal 
to  fgths  of  the  maxim  am  proof  load.  If  the  wiresnpports  the 
load  withoat  failure,  the  load  is  gradually  augmented  by  four 
successive  advances,  until  the  wire  fails  or  the  maximum  load 
ip  reached.  Testing  for  ductility,  the  piece  of  wire,  after 
failure  by  load,  or  after  supporting  the  maximum  load,  is 
giipped  bv  two  vices  and  twisted.  The  vices  are  (»  inches 
apart  for  sizes  above  l.*)!)  pounds  per  mile  ;  and  8  inches  apart 
for  sizes  of  150  pounds  or  less.  The  number  of  twists  applied 
is  reduced  as  the  i>i'oportional  resistance  to  load  is  irreater, 
aceording  to  the  scale  of  loads  and  relative  twists  given  in  the 
Tables, 

A  niaririn  of  H  per  cent,  deviation  either  way  from  the 
re(]uired  weifrht  of  wire,  weighiug  i'AH)  pounds  per  mile  and 
\ipwaids  is  allowed;  and  for  wii-es  of  less  weight,  2  per  cent, 
is  allowed. 

VV^ekl  joints  are  nut  allowed  in  cable-wire,  except  in  the 
case  of  cable- wire  weighing  lulo  pounds  per  mile,  sent  to 
Calcutta,  in  which,  if  in  coils  of  from  400  to  500  pounds 
weiLdit,  one  weld  may  be  introduced. 

The  maximum  resistances  per  inch  of  wires,  at  60*  F. — not 
to  be  exceeded — are  as  follows : — 


So. 

Units. 

No. 

Unita. 

1    .       .  . 

•  4-5 

9i 

.  18 

Hi  . 

12i  . 

•  86 

5 

.  7-23 

• 

15^ 

.  72 

16  . 

.    .  SIO 

3^  •      .  • 

.  0 

•  16  . 

,  108* 

%       •       .       .       •    •  12 

The  wires  are  to  bear  winding  round  bars  oi  different 
diameters,  without  cracking,  as  follows : — 

Xoh.  Bars. 

3.J  and  4^  4  inches  in  iliameter. 

7    »»    »^-^  .       ,       .       ,       .  ^  ,, 
1  *>  '       1  J  1 

lH.^17.       t       •       «  2, 
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fa 


S 

n 

•-«^  s 


o 
c 


m 

I 

H 

f 


o 


So 


X  r. 


2  o  iri     I?:  O 

3  '^^     w  o  o  O  » 


o  o  o  o 

OO  «f«  ^  ^ 


!§  5       S  O  *C  >S  to  tffe  O  Q  O  lO  ao  >6 

I     o  e>  35  «s     00  f*     CI5  «c  ce 


cr. 


CO  o  Its  OS  a  i-i  eia  QC 
O  tC  cc  o  >e  o  >c  <M 

03      <N  C4  ^ 


00  1—  'M  cc  -t* 


?C  3fe  -t*  O  -f- 
^  ^  ^  ^  -M 


s 

v: 

X 

H 


CO 


c  c  o     c  o  5  o  <M  ao  '•^ 


3 

«  (M 


c-i  c  J-:  ^  »e  w  ^ 

W  (M  ^ 


4 


i- 


05       CO       1*5  t-  — ♦  »«  ^  CC 

1 


i>-  00  o  o  1^  c;  ;5  74 
00  Ca      'IT  t-*  X  ^  «D 

<M       <M  — I 


•ajtijAvx 

C  so       «^       X            CO  »a  30 

1  'pwo'i 

•  c      »t  1-  w  1':      I*:  -f  — '  1- 
_2     1*:  1^  CO  o  n  it  — «      » - 

2XO0COi-«Ci-tS&'^(Mi-»^ 
^80  «  «  1 

.  :^  I':  ^  c  X  ri  x  -m 
^  3  1^  1— I  oc  »r:  X         c  *^  »r: 

C^i  'M       ^  « 


t 


'M  t  ^  M  —  «  IS  Cil  ^  1-^  o 

•••••»-•»»» 


.  w  c  c:  •-:  c  r  c  c  o  c 
g     w  »^  I-  c  I-  ^  1-:  t>- 


CI  3&  t-*     :c  1-I 


•«e|«  itrinmox  J 


r-"  00 


lO  I-  ±  -M       -C  I- 
j  r- <  t-H  F-^  »— 
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ad 

H 
H 

A 
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<  I 


a) 


H 

H 

M 


I 


00 

o 


< 


eS 


s 


to 

•T5- 


as  s 


150  O  O  O  w  o 
•^cp  CO  «o  as  CO  cc 
MlN  e»|      i-H  T-H 


-a      -r;  — <  >0 


0: 


T 


<o  <e  t>  oc  o  cc 


J     o  r 
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S      ^  "X*       IQ  o 

^  €C  eo  «^  «>•  i-i 


o  "-^  «c 


'tn  w  c;  o 
1  « to  r-*  ^  o  --f-  c<i 


I      -  I 


09 


'     O  O  t-i  cq 


J  o  c    5  .?  5 
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AND  HOOP  IRUX. 


*Tablk  104.— Sheet  and  Hoop-Iron  Gauge. 


Issued  by  the  South  Staffordshire  Iron  Masters'  Association^ 

March  1,  1884. 


L  eU  bo 

Of 

Weight  of  One 

Wei^itofOhe 

on 

Thick- 
ness. 

Squard  Fo^t. 

Parts, 

of  i 

No. 

on 

Thick- 
ness. 

Square  Foot. 

Inch. 

lucU.  Gauge. 

f 

1  Iroii. 

'-*4  ...  ■  .  ■»_] 

Steel. 

1 
i 

—  — 

•       •  ft 

Iron. 

Steel. 

I  iicn. 

Inch. 

!  Lbs. 

Inch. 

1 

Inch. 

Lbs. 

1 

J  •> 

i-ooo 

40 

40-88 

V57 

1  -00 

14" 

0-9588 

88-88 

8018 

1 

21 

1-40 

1  -48 

IT 

•011)7 

80-07 

87-44 

5a 

ZZ 

ytii  I  z 

1  -25 

1-28 

7 

12" 

-S750 

:85-0() 

85-78 

i.i 

Ml 

1-18 

ir 

•8838  i88-88 

84-08 

Z\ 

•(  WJ.7 

•002 

1-01 

•7017  81-07 

82-38 

J.) 

•888 

•001 

9 

4 

\r 

•750 

80-00 

80-08 

2b 

»7l  .'0 

•784 

•800 

•7088 

28-88 

28-92 

Z 1 

.A1  17  A 

•()00 

•710 

2(;'07 

27-28 

2.S 

•()25 

-08S 

•625 

25-00 

25-52 

20 

•55(> 

•50S 

5** 

•5888 

28-88 

23-82 

ni) 

■402 

•502 

4** 

•5410 

21-07 

22-12 

ol 

•440 

•440 

1 

•500 

20-00 

20^42 

o2 

•802 

•400 

2° 

•4452 

1 8^88 

18-60 

o8 

-840 

•850 

1° 

•8004 

10-07 

17-02 

Q  ( 

•(11^77 

•808 

•814 

1 

•3582 

15-00 

15-31 

■ 

,>i> 

I  M  Ml  ,7 

•27(i 

•282 

2 

•3147 

18-33 

13-61 

•J  f 

ob 

•rin«i  1 

U'  i\)  1 

•244 

•240 

3 

•2804 

11-07 

12-01 

iii 

•210 

•221 

1 

4 

4 

•250 

10-00 

10-21 

88 

•102 

•100 

•2225 

8-00 

9-08 

oO 

yfyf-xiy 

•172 

•170 

•1081 

7-02 

8-00 

1  i  V 

40 

UvNjoI > 

•154 

•157 

7 

•1704 

7-00 

7-20 

41 

•188 

•140 

•1570 

0-88 

6-52 

• 

42 

J  zo 

•1808 

0^51 

(;-65 

48 

•100 

•111 

1 

10 

•1250 

5-00 

510 

44 

•007 

•000 

11 

•1113 

4^45 

4^;>4 

45 

•1109.1  Ti 

•086 

•088 

12 

•0991 

3^97 

405 

40 

•00192 

•077 

•070 

18 

•0882 

8-53 

3-55 

47 

•00170 

•068 

•069 

14 

•0785 

3-14 

»-31 

48 

•00152 

•061 

•062 

15 

•0699 

2-80 

2-96 

49  j 

50  1 

•00185 

•054 

•055 

14  1 

1 

16 

•0625 

2-50 

2-55 

•00120 

•048 

•049 

17 

•0556 

2-2a 

2-27 

•00107 

•043 

•044 

18 

•0495 

1-98 

202 

P 

52  1 

•00095 

•038 

•039 

-    ■  1 

*     ■-  .  - 

■ 

1 

1 

«  • 
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Table  i^'i^-^Lap-Wblded 

(Andrew  and 

WEKiHT  OF  ONE 


I  Thi 


Thickness  hy  luiperial  Wire  Gauge. 


^Yire  Gau^^e. 
16 
15 
14 
13 
12 
11 
10 
1) 
.•8  ' 
.7 
(i 
5 
4 

H 

2 

1 

i  in. 

•A- « 

4  1i 


Inches. 

•064 
•072 
•080 

•U92 
•104 
•110 
•128 
•144 
•16t 
•176 
•li)2 
•212 
•282 
•252 
•27(J 
•30U 
•125 

•187 
•250 

•313 
•875  • 

•437 
'500 


Millimetres. 
1626 

1-  829 
2  032 

2-  887 
2^642 

2-  946 

3-  251 
S-65B 
4064 
4*470 

4-  877 

5-  885 
5-898 
6  401 
7-Ul(> 

7-  620 

8-  17:) 

4^762 

(>-850 

7-937 

9*525 
11-112 
12*7(K) 


Externul  i 


Lbs.  I  Lbs. 


0-627 

0-700 
0-771 
0-875 

0-  976 

1-  074 
M69 
1-291 
1-407 
1-519 
1-624 
1-749 
1-866 
1-974 
2092 
2199 

i-i4r) 

1-  595 

iiM;8 

2-  250 
2-454 
2-577 
2-618 


0711 

0-794 
0-875 

0-  995 
1112 

1-  220 
1-336 
P479 
1-617 
1-749 

1-  876 

2-  027 
2-169 
2-804 
2-454 
2-592 

1  -809 

1-  841 

2  291 
;^-6o9 

2-  945 

3-  150 
3-272 


Lbs. 

|!  ... 


,0-888 
0*980 
1116 
1-248 

1-877 
1-504 
I  1-668 
^  1-826 


1079 


I 

* 

!  2127 
I- 

1 2-804 
2-473 
2-684 

2-815 

2-984 

;  1-478 

2-086 

2-  618 

3-  068 

8-48(j 

3-723 
3-927 


Lbs. 


0-  982 

1-  085 
1  236 
1-384  I 
1-529  ' 

1-  671 
i  1  -856 

2-  036 
2-210 
2-378 
2-582 
2-777 

2-  968 
3176 

3-  377 

1-  636 

2-  332 

2-  945 

3-  477  ' 
8-927  : 
4  295  , 
4^581  . 


JS^ote, — The  most  common  thick* 
*  The  weight  per  liueal  foot  of  a  steel  tube  is  given  by  multiply- 
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TuOK  Boiler  Tubes.* 
.James  Stewart.) 

FOOT  TN  LENGTH. 


Bfttmeter  In  Inches. 


i 

11 

li 

2 

2i 

i  Lbs. 

Lbs. 

I.b8. 

LbB. 

Lbs. 

Lbs. 

Lb4 

1  ••• 

•  •  • 

... 

... 

... 

... 

• 

* .  * 

2i 


Lbs. 


1077 

1  •  1 1)0 
i'866 

1^)20 
1-681 

1-  831) 
f  2-045 

2-  245 
'  2-440 
^  2-«80 

2-  859 
8-081 

i  3-293 

3-  588 
3-770 

1-  800 

2-  577 
8-272 

3-  88(i 
4*418 

4-  868 

5-  236 


1-171 
1-21)4 
1-477 

'  l-()5(» 

1-  833 

2-  007 
2-233 
2-455 
2-671 

2-  881 
31 37 

3-  884 
3H23 

3-  891) 

4-  108 

1-  963 

2-  822 

3-  600 

4-  295 

4-  909 
6-440 

5-  890 


1-266 
1-309 
i  1-597 


!  1  -793 

1-  985 

2-  174 
1 2*422 
'  2-664 

2*901 
8182 

3-  414 
'  8-688 


4-260 

4  ooi) 

2-  127 

3-  0(;8 
8-927 

4-  704 

5-  400 

6-  013 


1-359 
1-504 
1-718 

1-  929 
1 2137 

2-  342 
2-610 

2-  878 

3-  131 
8-884 

3-  692 
8-992 

4-  283 
4-621 
4-948 
2-291 
.'^•313 

4-  254 

5-  113 

5-  890 

6-  58G 

7-  199 


H  ... 


1-008 

1-  888 
2065 

2-  288 
2-509 

2-  799 
8-083 

3-  362 
8-685 

3-  969 
'  4-295 

4-  613 

4-  988 

5-  341 

2-  464 

3-  559 
I  4  581 
!5  522 

6  381 
7- 159 

j.7-854 
t. 


1-713 

1-  959 
2201 

2-  440 

2-r>77 

2-  987 

3-  292 
3-592 

I  8-886 

i  4-247 

;  4-599 

',4-943 

^  5-844  • 

5-733 

2*618  ! 

3-80-1  ' 

t-90<.' 

V931 

)-872  I 

r-731 

:  8-508 
i 


1-818 


2  070  2-199 
2-837  j  2-473 
2-59£2  1 2-744 

2-  844  3-012 

3-  176  18-364 
3-502  13-711 

3-  822  i  4-053 

4-  138  I  4-889 
4-524' I  4-802 

4-  908  j  5-206 

5-  278  5-G02 


5-  705 

6-  126 


6-067 

G-519 


2-78B  j  2-946 

■•O.M*  I  h295 
V23t>  i  '>'563 
•5-340  I  i-749 

7-  368  7-854 

8-  304  .^-877 

9-  168  9-817 


nesses  are  printfd  in  dark  fi.Lriiros. 

ing  the  tabular  >veight  of  a  like  wrought-iron  tube  by  1021, 
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MAKUFAOTURBD  METALS. 


Table  I0r>. — Lap-Welded  Iron 

(AuUtqw  and 

WViaUT  OF  OKB 


by  Imperial 

2} 

01 

fcernal  Dl 

Ameter 

ot 

Wire  Gauge. 

1-bs. 

Ll»8. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

lb 

•  •  • 

•  •  • 

I  ... 

•  •  • 

•  •  • 

• . . 

•  ■ . 

hi 

•  ■  • 

... 

«• . 

...  1 

14 

•  •  • 

i  ... 

.  * . 

1    ...  . 

*  •  • 

lo 

2*820^  2'44(),  2-561 

"  2-681  \ 

2*802 

...  1 

12 

2-60y 

2*745.  ;j-882.  3*016 1 

3*154 

3-290 1  3-426 ' 

11 

2*896  {  8  04B{  8-200  8-851 

8-608 

8-655. 

8-807 

3171) 

3-347 

3-514 

3-682 

1 

3-850 

4017 

4 185 

r 

3-553 

3*741,  8-930  ,  4-118 

4-807 

4-495  {  4*684  j 

:ii»2i 

4-18(> 

4-38i> 

4-54i) 

4-758 

4-i)(>8 

irl  /  i 

7 

4*283 

4*514 

4*744 

.  4-974 

5-205 

5-485 1 

5-665 

H 

4-81)2 

5-143 

5 -HI)  4 

5-(;4(; 

5-807 

61 48 

5-357 

5-634  i  5-912 

6*189 

6-467 

6-744 

4 

5-510 

5-814 

6117 

6-421 

6-725 

7-028 

7-332 

3 

5-932 

6*262 

6-592 

6*922 

7-252 

7*582' 

7-911 

2 

6-428 

6-789 

7-150 

7-512 

7-873 

8*234 

8-596 

I 

a-Qii 

7*304 

7*697 

8090 

8:482 

8*875 

9*268 

I  in. 

3-lOJ) 

3-272 

$-486 

3-600 

3-768 

8*927 

4*091  i 

4*541 

4-786 

5031 

5*277  1 

5*522 

5*768 

6-013 1 

5-890 

6-218 

6-545 

6-872 1 

7-J200 

7*527 

7*854 1 

7-151) 

7-5G8  1  7-1)77  j 

8-38G(  8-795 

.9-204 

9  613 1 

i  >. 

8-345 

8-836 

9-327 

9-818  !).0-308 

10*799 

11-290 

i)-44i) 

i():>i)."i 

11-167 

11-740 

I2-31H 

12-885 
14-899 ' 

1  » 

10-472 

11*126 

11*781  jl3*435. 

13-090 

13*744 

I 


Xofr.-  ~'V\w.  iiKJsL  coiinnon  thick- 
*  The  weight  per  liueal  foot  of  a  steel  tube  is  given  by  multi- 
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James  Stewart.) 

FOOT  IN  LENGTH. 


Diameter  in  Inches. 


8-959 
4-352 

4-  872 

5-  S9G 
7-022 


3-957 
0:259 

# 

8-181 


11-781 
15-053 


H()98 
4111 
4520 
50(51 
5-596 

7-  299 

7i)4u 

8-  571 

9-  :U8 

10053 
4-418 
G-504 
8-508 
10-431 
12-272 


3-  835 

4-  2f>2 
4687 
5^249 

5-  80(> 
G-357 
0i|O2 

7- i»77 

6-  2  l:\ 

8-  901 

9-  r»7D 
10-440 

4-581 
G-750 
8-830 
10-,840 
12-703 


10:302 


3-  971 

4-  414 
4  855 

5-  438 

^  0*015 

7-i:»4 

7-854 

.S-.M7 
I  9-231 
flU-041 

10-  838 

4-74:. 

0-D95 
9-103 

11-  249 
13-254 
15170 
17-017 


O  1 

3| 

A  7 

35 

A 

Lbs. 
•  •  • 

Lbs. 

•  •  • 

Lbs. 

•  •  • 

libs. 

•  •  • 

Lbs. 

•  •  • 

• 

•  •  • 

•  •  • 

*  m  m 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

«  •  • 

•  •  • 

•  •  • 

•  •  » 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

4Lh 


Lbs. 


,  ... 


4-107 

4-5(;n  4-718 

5022  5-190 

6*626  5-816 

j  0-224  0-434 

j  0^817  7  048 

7'4(j5  i  7'<;."»t; 

8-132  8-410 

ij-.s.ii  I  yi.vi 

I  9-501 1  9-891 
lU'4U2  i  1(^-703 
11-231 1 1 1  024 
4-iH)sj  5-072 
7-240  7-480 


•  •  •  t 


LbH. 


...» 


9-490 


9-817 


11-058  12-007 


13-745 
15-749 
17-071 


14-235 
10-322 
13-326 


5  022 
5*525 

6-  192 

0-853 

7-  509 

8-  159 

8-  905 

9-  7(;2 

10-  550 

11-  480 

12-  409 
5-400 
7-977 

10-472 
12-885 
15-217 
17-407 
19-035 


•  5-325 
5-800 

i  6  669 

7-272 

7-  909 

8-  002 

9-  520 

lu-.sou 

11-  210 

12-  20S 

13-  195 

•  5-727 

;  8-41)8 

• 

11-120 
13-704 
10-199 
18-012 
20-944 


0-195 
0-94(; 

7-  690 

8-  430 

10-  0]S5 
I U- 1)70 

11-  87,0 

12-  1)^1 

13-  980 
0-054 
8-959 

11-781 

14-  522 
17-181 
19-758 
22-253 


nosses  are  printed  in  dark  figures.  j 
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Table  105.— Lap- Weld kd  Iron 

(Andrew  and 

Wbigot  of  one 


Tliifkiii'ss 
hy  Imperial 
Wire  Gauge. 


Wire  Gauge. 

iri 

14 
13 
12 
11 
10 
9 

•  8  '  . 
•  7'  • 
6 
5 
4 
8 
2 
1 


1  ♦ 

i  m.* 

13  » 

■* • 

A  »> 

f 

7 

13  » 

•  i  « 


fixtenial 


5 

5i 

Lbs. 
... 

•  •  • 

•  • « 

•  •  • 
* . « 
... 

■Lbs. 

•  •  * 

•  •  • 
■  •  • 
• .  • 
» •  • 

•  . . . 

(rSI»()  j 

7  i>2J> 

7*700 

8*o91 

9*3o2 

10'i70 

1  A./*  DA 

1 1  *584 

lo*ff54 

1 4*37o 

l4*7(io 

d'otI 

6'709 

0-450 

9'*J40 

12-485 

13*090 

i:r:uo 

um:)8 

18162 

19'144 

20-90.3 

22  048 

23*562 

24*871 1 

5^ 


53 

6 

CD 

Lbs. 
• » • 

•  •  • 

•  •  • 

Lbs. 
•  •  • 
.  • . 
... 

Lbs. 

«  •  a 
•  «  • 

... 

Lbs. 

•  •  • 

•  ■  • 

» •  • 

... 
« .  • 

•  •  • 

•  •  • 

•  «  • 

... 

■  «  • 

•  •  « 

... 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

8*077 
8-017 
9812 
10'fl72 
11*740 
1 2*798 
13-841) 
15*099 
18*38(^ 
7-08(5 
10-481 
18-744 
\Cyi)l{\ 
•26^12fi 
23-104 


26180  '27*489 


8*454 

o-nn»; 

16278 

1M75 
12*295 
!  3-400 
14*509 
lo-«21 
17122 
7-8<{8 
10*922 
14*399 
17-794 
21'108 
24-389 


54 !  8-831  I  9*208 


9-785  i  10-204 
10*784  11195 
11*078  1 12- ISO 
12  850  13*405 
14-013  14*«21 


15109 
lB-544 
17-907 
7-690 


15*828 

i7-2r>i; 

18*692 
8*017 


11-413  11-904 


IS-058 

i8-(;i2 


15-708 

19-480 


22*09^1 123-071 

25-4S5  i2r)-03O 
28-798  ldO-107 


9-5S5 

10-  023 

11-  655 

12-  r)88 

1 8-960  i 

15-  2281 

i(;-4ss  \ 

17-9S9i 
1 9*478  i 
8-345 
12*395 

16-  362 
20*249 
24*053 
27-775 
31*416 


Xi^fr, — The  must  cntnnion  thirls- 

»  The  weight  per  lineal  foot  o£  a  steel  tube  is  given  by  muiti* 
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BorLEB  TUBK*- 
James  Stemt.) 

FOOT  TX  LEXOTH. 


Diameter  in  1 1 1 cl i *^ 

61  I    7   '  7J  •  7i 


7i 


8      81  8 


Lbs.  '  Lbs.      UiK.      Urn.      Lbt^      L*j»w      L'*^  Llis. 


11042  !ll-46<» 
12116  12-577 

14-  515  ihVoTo 

15-  835  {16-443 
17148  j  17-807 
18-712  jlU-434 

20-  263  [21 -048 
6-6721 

12-8g«  |l3-37fi 
17017:17G71 

21-  067  21-885 


\y,'im  j]:s-4in«  ih-icd  |U-42ii  n-sso  .i:>ns-i:> 

14-191  |l4i;94  ilo  llH;  |15-691l  |l<i'204  ir>-7io 
|l5-625  16-180  16-735  17290  1 7-S4:.  IS-lOO 


17  2^1^ 


17  <I54I  il71^•»5S  {l8-24#5  :l8-872  '19-4S4»  20M*S7  u\U 


I 


I 


U8-44>7  ,19-127  119-787 

I 

20-157  !2U-^79  21-a02 
-il-834 :22^1 9  23-405 


20-441;  Alios  «i  7$6  mm 

22-324  23  047  23  TiU* 

24-190  2i-97ri 


.  9-327  .  9ii54  j  y-yfiJl  .10  308 

14-849 


13-867  !l4«B58 


r 

lS-32(>a8-9iiio 


I 


lO-(»3().lO0<kS 
1 

15-831  'MVim 


j25-U35  ^26  017 
j28-921  j30H)66 


19-635 
24-339 


22-7a3  23-521 

I  j 
2«-998  27-980  i2s  iMi2 

31-212  •32^57 133-502 

32-725  (34-034  i35-34;i  3ii-«;52  37 'Mil 


1 


15-340 

2o-2M»  '201M4  ;2l  ;»0> 
25-157  »25'97:>  n 
29-II44  iiio        31  ;n), 
34*618  135' 79:(  3<U».H^ 

:il*-27o  I40  »M'i»  il 


;M  4iti; 
1 1  -»i»o 

|()Nl» 

yj?  ;?:>3 

3'^  >.>0 
3}|  <tl«4 
4.1 


I 


n^sses  are  printed  in  dark  fi|rQ^l*^. 

pljing  tbetalmbtf  iieight  of  a  like  wi'«»fifftif  Ihtii  liilnw  itv  I***';! 
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Table  105.— Lap-Wkldbd  Ibok 

(Andrew  and 

Weight  of  one 


Thickness  by  Imperial  Wire  OaiiR^. 


"Wire  Uaugc. 

i:. 
14 

\:\ 

12 
11 
10 
!» 

8 
7 . 
C 
It 


Inches. 

•n72 
•080 
•n<)2 
•104 

•ik; 

•128 
•144 
•160 
•176 
•192 
•212 
•232 
•2.>2 
•276 
•300 
•125 
•187 
•250 
•313 

•87:» 

•437 
•500 


1-  821) 
2032 

2-  3:17 
2-642 
2-<U<» 
H'251 
8-«58 
4064 
4-470 
4*877 
5'3«5 


6-  401 

70iO 

7-  620 

3-  17.") 

4-  762 

7^937 

i)-r)25 

11112 
12-700 


Extei-nal 


9  9} 


Lbs.      Ijha,  .  LbH. 


J 

•  •  • 
(    •  •  • 


16-  290 16-770  !l7-3»r»( 

17-  722  18-230  18-7H8 
10-510)20  065  !20-620j 
2i-3U2  2i-liUi>  j22-r>17  i 
88-086  98-745 184-405 

26-660  1 


25-215  2rr937 
27332  28-117 


11-617 


11-945 


17-308 17-794 
22-907  23  502 
28-480|29-248 

83-871 


28-908  I 

12-272  1 
18-285 ! 
24-216  1 
30-066 ' 


89-229  40-376 

44-506  45-815 


84-852  85-884 
41-620 


47124 


Nate^ — ^The  jnost  common  thick* 
*  The  weight  pet  lineal  foot  of  a  sted  iube  is  given  bj  multi* 


Digitized  by  Google 


HOILKH  TUHKS, 


Boiler  Tubbs*— /»/w^f»«f»//. 
James  Stewart.) 

FOOT  IX  li:x(;th. 


Diameter  in  inches. 


Of 

t 

1 

10  1 

lOi 

^  Aft  t 

11 

1  Hi 

12 

Lbs. 

( 
1 

Lb8. 

Lbs. 

Lbii. 
•  • . 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

•  •  • 

1 
1 

•  •  • 

•  «  •  1 

... 

1  - 

... 

• « * 
•  • « 

I 
» 

1 

•  ■  • 
... 

•  • . 
**' 

... 
•  •  • 

1 

■  •  > 

1 

... 

• . . 
« .  • 

«  •  • 

1 

1 

•  •• 

... 
...  < 

•  •  • 

• 

1 

1 
1 

!  ♦ 
.*.    1    ...  ••• 

•  •  • 

... 

,  ... 

•••  , 

i 

1  •  • 

•  ♦» 

•  •  • 

... 

... 

. .  ( 

... 

1 

•  a  • 

1 
t 

1 

•  •  • 

•  •• 

• « »    1    •  •  • 

•  •  ♦ 

.  •  • 

... 

•  •  • 

1 

» •  • 

*  *  • 

•  •«        • •  • 

1 

•  ■  *        •  •■• 

• .  • 

... 

•  •  • 

•  •  • 

•  •  • 

•  • . 

•  • . 

.  • . 

•  •  • 

ft  •  • 

•  •  • 

•  •  • 

•  *  • 

•  •  • 

•  •  * 

... 

117-745 

18-240'  ... 

... 

•  •  • 

•  •  • 

«  •  • 

19-250 

19-760 

\  ... 

• . . 

•  •  • 

•  •  • 

*  •  • 

21-175 

21-730 

... 

• 

•  >  • 

23124i23-731|  24-35 

25-00 

j  25-70 

,  26-45 

,  28  00 

25-065  125-724 

26-28 

26-88 

'27-51 

28  15 

1  29-45 

27-382 

28-105 

28-80 

29  50 

3(»-22 

30-95 

;  32-45 

2d-(588 

30-468  i 

31-30 

32-17 

'  88-07 

i  8400' 

1  85-95 

12-599 

12-92<j . 

13-25 

13-60 

1 14-00 

i  14-43 

i  15-30 

18-776 

19-267 ;  19-74 

20-24 

,  20-77 

( 21-80  1  22-40 

24-871 

25-525 

26-20 

33-90 

34(i5 

35-40  i  3i)-90 

i30-884 

31-702 

32-50 

33-32 

•  3445 

3500 

1 36-76 

36-81t» 

37-798 

38-80 

39-85 

,41-10 
1  4715 

,  42-20 

'  44-t»7 

42-665 

43'811 

45^0 

46-03 

1  48-80 

1 50-70 

48-433  ;49-742  ^ 

51-25 

52-78 

55MM> 

« 

^  5(;-50 

58-00 

i  29-50 
I  30-80 
33-95 
8800 
16-20 
23-50 
I  38-46 
^  28-50 
4717 
!  5315 


60-50 


nes^es  are  printed  in  dark  ligiireB. 

plying  the  tabular  weight  of  a  like  wrought*iron  lube  by  1-021. 


Digitized  by  Google 


246 


y\  A  N  U  FACT  U I  i  K I )   M  KT  A I  .S. 


Table  I  OB. — Febkules  i  ok  Boileb  Tubes,  Ibon  and 

Steel. 

C^owell  &i  Co.) 


• 

:u 

M 

External 

Thickness  bv 

External 

Thickness  by 

Diainetor 

B.  W.  G.  * 

■T~\  •  * 

Diameter 

B.  W.  Q. 

ft 

tit  Ijill'"!'!* 

Length. 

of  r  'inrMr 

Length. 

Iron. 

8teel. 



Kiid. 

Iron. 

SteeL 

laches. 

No. 

No. 

Indies. 

IllCh(':S. 

No. 

No. 

Iiielies. 

14 

15 

1 

H 

8 

10 

11 

4 

III 

18 

14 

10 

11 

u 

*  *» 

12 

18 

To 

h\ 

8.i 

"2 

10 

11 

1-^ 
^  16 

12 

18 

H 

10 

11 

12 

13 

1  3 

9 

10 

lA 

^  16 

13 

pr 

11 

12 

1-3- 

3.} 

9 

10 

1(21. 

11 

12 

lA 

9 

10 

t 

11 

12 

H 
li 

« 

9 

13 

11 

12 

H 

8 

9 

13 

11 

12 

H 

4  ' 

8 

9 

U 

11 

12 

i 

Tablb  107. — ^Lap-Welded  Steel  Locomotive  Tubes  : 
Sizes  and  Wjsig^ht  (National  Tube  Wbrks  Company, 

i  (Haswell.) 


^'           •        -1  Weight 
j           ,    .      1  Foot.  • 

External 

Dia- 
met<er. 

• 

Thickness.- 

Wt'i^'lit 

per 
Lineal 
:  ^oot. 

Wire 
i  (iaiige. 
<  14 

:  J4 
i  18 
.  12 
1  12 

Inch.  'Pounds. 

•083  !  ^81 
•083   1  1()8 
•095      1  42 
•109  '  1*91 
•109  ,  2-20 

Inches. 

91- 

-'i 

Wire 
Gauge. 

12 
H 

n 
11 

Inch. 

•109 
•12 
•12 
•12 

• 

PonndR. 

2-49 
8  05 
8-87 
8-l>8 

Kxterna 

Dia- 
la^ett^r. 


iJllies. 


1 

u 
11 
If 
3 
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T 

t 

I 


(National  Tube  Works  OoMPSiNY, 


4. 


Thlcknefte. 


Kxtenial 
Dia- 

■I-- 

:  t.-> 


Weight 

per 
Lineal 
Foot. 


H 

i« 
li 
U 
i« 

M 

n 

2 

2i 
2f 

3 

^ 

3J 


1.". 

« 

15: 


H12 
•072 
•072. 


14    t -083 


14 


14'  -08^ 
IHj  i'-0J)5 


■ 
s 

13; 

i.si 

I 

12 

-I 

12' 
12' 
11 

Hi 

f 

Hi 


i 


•095 

'(3m 

•095 

•ays 

•^109 
•lOJf 

•loy 

•12 

•12 


I'uunds. 
•71 

.•80 

'80 

T-U8 

118 

124 

153 

1-78 

1-  91 
2*04 

2-  115 

2-  (>l 
'  2-75 

3-  U4 
J  .318 
i  3-33 

j 

I  4-28 


Ext^rmil 
Dia- 
meter. 


Thiduiefw. 


Weight 

i^ineal 
Foot. 


,  4 

^ 

5 


•'J 

0 

I 

7 

10 

11 

;  12 

'  13 

u 

15 
f« 
17 
18 


Wire 

Inch. 

pounds 

•134 

547 

•134  ■ 

5-82 

•134  ! 

«-17 

..  ,a 

-134 

(••53 

9 

•148  ' 

•  7-58 

9 

•148 

'  7-97 

!)• 

• 

•148 

«-3fi 

■  .8 

•n)5 

1016 

•Hi.") 

UDU 

• 

•165 

13*65 

1 

!  7 

1 

•18 

•16-7(i 

.1!" 

1 

.  ^203 

.2(li)li 

*•  • 

4 

•22 

2:>o3 

•4-5 

•229 

28-46 

« 

•  4 

1  • 

•238 

3206 

I  3^5 

•248 

fl 

•  3 

•25i) 
•284 

40-30 

4711 

t  1 

•3tH» 

/>2-89 

,  -340 

<J3-32 

1," 

1 
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Bteam-tnbefi,  gas-tnben,  ftnd  water-tnbc^,  are  viade  to 
weight,  accottling  to  the  **  Ri«e  "  or  bore  ;  butt-weldpd.  The 
weight  of  tubes  of  any  given  size  varicR  very  much  with 
difterent  manufacturers.  Table  111  gives  the  average  weights 
of  gas-tubes^  as  made  by  seven  leading  manufacturers. 

8team-tubes  and  water-tubes  ave  made  to  the  same 
sizes  as  the  gas-tubes,  but  of  different  weightK,  The  tubes  are 
proved  by  hydrostatic  ptessure,  usually  according,  to  the 
following  scale : — 

Gas-tubes    ....  '  50  lbs.  per  square  dich. 
Water-tubes  .      .   .  300  lh$.       j,  „ 

Steam-tubes       .      .      .  500  lbs.       „       "  „ 

To  find  the  thickness  of  a  pipe,  when  the  inside  or  the 
outside  diameter,  and  the  weiglit  per  lineal  foot,  are  given. 

Let  (/  be  the  internal  diameter,  iiM'hes,  L)  the  external 
diameter,  the  wei^rht  of  pipe  in  pounds  per  lineal  foot. 
Let,  also,  r  be  a  constant  of  weight  for  the  same  material,  say, 
the  weight  of  a  straight  bar  1  inch  s^juare,  1  foot  long,  in 
pounds.  Then, 

• 

I*/.  Wh/^i  th^  hitenial  dkmrtt  r  h  given^ 

The  external  diameter,  D  =  ./  „  'V-  +      •      •  (X) 

V  '7854 

2mL,  Wlwm  the.  exti'Tttal  diameter  i9  given^ 

The  internal  diameter,     =  a  /  I^"  -  -  •       •  (2) 

The  other  diameter  having  been  ascettained  by  one  or  other 
of  these  formulas,  half  the  differcTice  of  the  external  and 
int'Cmal  diameters,  is  the  thickness  of  the  pipe. 

For  example,  a  lead  pipe  of  1  inch  bore,  weighs  10  pound** 
for  a  15-feet  length.    What  is  the  thickness  I   The  weight  tr, 

per  lineal  foot  is^^^  =^  4'6(»r»  pounds  j  the  weight     of  a 

l-inch  square  bar,  1  foot  long,  is  4*944  pounds ;  and 
by  fbrmulft  (1).  the  e:itemal  diameter  D  is  Oqual  to 

VVism  ~     • 

•785rx  4  1.4 1  ^  ^   "  1  -  V2-202  =  1484 

inr-hcs.    Then  1-4.S4   -    1    -*-4SI  ineli,  one  half  of  which  is 
-IVl  inch,  nearly  j  inch,  the  thickucs-s  of  the  lead  pipe. 

Digitized  by  Google 


GAtS  TUBE8. 


251 


r'onvci'sely,  taking  the  same  ])i]»e  for  example,  let  llie 
exienial  diameter,  1*484,  he  .iriven,  to  find  the  intenud 
diameter.    By  formula  (2),  the  intci-nai  diameter,  rf,  is  equal  to 


1-484:*  - 


 4^r> 


lioro. 


The  constants  for  other  metals  arc  given  in  Table  89, 
pi^e  221. 


Tablb  IU^Boi^t-Welded  (Jas  Tubes  And  FiTTiuaa: 

AVEBAGB  VV  KIGHT. 


T 


Tubes. 


Bore. 


Weight  per 
,,,100  Feet.. 


J. 


Inchei 


be4 

II 


1 

H 

n 

2 

2i 
2| 
2i 
8 

8} 
4 


Pounds. 

2i;-:^ 
40-."; 

82-U 
122(r 

;uu-2 


r^ength  to 

weigli 
One  Ton. 


Feet. 

sr»i>2 

5582 
t<e; 


270(» 

im\ 

1281 
in  7 
.722 


421-0 
5160 
6104 
658*8 
759-8 
878-4 
1082*8 


582 
435 
867 
840 
205 
255 
217 


1 


Fittiui^s. 


We^jjrlit  of 

Ten 
Elbows. 


I 

i  Weijihtof 
i  Ji'U  Tees. 


Lb.  (Jz. 

1  1 

1  7 

1  18 

2  15 

4  <; 

4 

10  10 

L->  12 
22  6 
30  2 
40  2 
55  10 
73  .8 
101  0 
126  0 


1  I 


Lb.  1)/.. 
1  0 

1  S 

2  4 

n  0 

5'  4 
7  10 
12  15 

-KL  1 
20  0 

27  0 

82  8 

50  15 

68  8 

i    85  5 

,  121  0 


1 


144  0 


Weight  of 
Ten 

Lb.  Oz. 
1  S 

1  14 

2  8 
8  4 
5  11 
{)  2 

14  11 
18  ii)  . 
2.1  4 
31  4 
41  4 
51  .  4i 
80  10 
88  12 
129  0 
158  0 


•  Note  1. — ^Normal  length,  14  feet. 

Note  2, — Steam  tubes  aud  wa^er* tabes  also  are  manufactured 
of  the  i^ame  boi'es. 
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Tablk  1 J 2.— Standard  Sizes  ok  Connecting  Pipes  ok 

Untonh  of  Gas  Metkks. 
 (Hoaixl  of  Trado.  Stan  da  ids  Department.)  ■ 


Boss. 


yize  of 
Meter. 


Mean 
I  Diameter 

of 

External 
Screw. 


Number 

of 
Threads 
per 
Ineh. 

Threads. 
9 

11 

•  • 

11 
.  11 
11 
11 
11 
14 
U) 

Hi 


In- 
ternal 

Dia- 
meter. 


Inches 
305 

2-80 

2M)() 
1-80 

1  '^:> 

1-42 
105 
•88 
•(i7 

•50 


Cap. 


Mean 

Diameter 

of 
Internal 
Screw. 


Number ' 

Threads 

^  per    i  Of  Cap. 
Inch.  I 


Iiichi's. 

8'(>5 

2-40 

2-2r> 
2^on 

1-40 
MO 
•94 


Thi*eads.  i  Indies 


9 

11 

11 
11 
11 

n 
11 

14 
19 

19 

10 


1*20 

00 

80 
70 
70 
fiO 
60 
50 
50 

40 

40 


Lining. 

Ex- 

temal 
Dia- 
meter 
t()  enter 
Boss. 


Inches. 

2-28 

l-i)S 
1-75 

vr)3 

1-40 
1  -OH 

•81 

•().') 

•.")."> 

•:)0 


XabusI  Iron  Welded  Steam, 

Pipes  (National  Tube  Works 
...  ..  (Haswcll.) 


OAS,  AND  Water 
Company)* 


Internal 
Diameter. 

Inches. 


I 

H 

2 

a 
H 

4 


Thiekmiss. 

Inch. 
•07 
09 
-09 
•11 
.  -11 
•13 
•14 
'14 
•15 
•20 
•22 
•23 
"24 
•25 


Wi^ii^ht  per 
Lineal  Foot. 

Poundis. 
'•24 
-42 

%'>6 
•84 
Ml 

i-(;7 

2*24 
2^68 
8-<>l 
5*74 
7-50 
DMM) 

lo«;<; 

12-84 


l>iiimet*^r. 

Inohes. 
5 
B 
7. 
8 

JO 

11 

12 
18 
14 
15 

hi 
17 


TlimkHMai     >Vei«ht  per 

Thickness.  ^^^^^ 


Inch. 
•2ft 
•28 
•80 

•32 

•84 
•87 
•87 
•87 
•87 
•87 
•28 
•80 
•84 


Pounds. 

14-50 

18-7« 

23-27 

28^1 8 

3370 

40-0(; 

45-02 
48^98 
58^02 
57^80 
471  1 
52*Si» 
<i8^82 
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MANUFAOTUHKD  METAI^ 


STEEL  PIPES. 


Mild  Steel  Pipes. 

The  Steel  Hpe  Company  shew,  in  the  annexed  Tables,  the 
relativt!  thickness  and  weight  of  pipes  of  cast-iron,  wroiLght* 
iron,  aud  steel,  for  equal  sti-engths  : — 


Table  lio, — Uklative  Thickness  of  Riveted  Tifes 

FOR  Equal  Sthenuth. 


vraSV'XrOIl* 

!  Wrought- 
Iron, 

We  ight  of  1  square  foot,  1  inch  1 

thick  / 

Tenacity  per  square  inch     .  . 
Relative  strength  for.  equal) 

thicknesses    .      .      .  ./ 
Factor  of  saf^'ty    .       .       .  . 
Relative  sticn^h  due  to  factor  I 

Df  safety       .      .      .  ./ 
Reduction  in  a^^-l^«ng^^^  dno-  to  \ 

ri  v<'tod  joints    .       .       .    .  / 
llelative  strength  aftor  rciluc- 1 

tion  for  riveted  joints  .      .  f 
Relative  tliiokuess  fbr  plates  of  \ 

equal  strength  .      .     •  ./ 

U>s. 
18,000  lbs. 
1 

10 
1 

t  *  • 

1 
1 

40  lbs. 

48,000  lbs. 
2-7 
0 

4:5' 

.TO  per  WJtit. 
3-15 

•aiT4 

40-8  lbs. 
72,000  lbs. 
4 
5 
8 

'30  per  cent. 
•178t» 

Tablk  116.— Rklatiyb  Weight  op  Pip^  poe  Equal 

Strength. 

Metal. 

1  CastJron. 

Wrought- 
Irou. 

BteeL 

Thickness  of  platvs,  weighing \ 

40  lb.  per  square  foot    .      .  / 
Relative  strength   for  etiual  J 

weight  f 

Relative  strength  due  to  factor  ( 

of  safety        .      .      .      .  / 
llelative  strength  after  reiluc-\ 

tion  for  riveted  joints      .    .  f 
Relative  wei^ilit  of  ])l;iin  cj'liu-  \ 

ders  of  equal  strength  .       .  f 
Im  rease  in  weight  of  pipes  due  \ 

to  socket  and  spigot  joints  .  / 
I{elative  weight  of  pipes  of \ 

1  060  inches. 
1 

• 

I 
1 
1 

5  8  per  cent. 
1 

1*00  inch. 

4-22 
2-955 
'3384 
15  per  cent. 

•3678 

*9S04ilich. 

3-07S 

7-856 

5*149 
•1«2 
15  per  rent. 

• 
• 

'2lll 

From  the  first  Table  it  appears  tliat  the  resist^nde  of 
riveted  steel  pipes  to  bursting  is  Tj-i;  times  that  of  cast-iron 
pipes  of  equal  thickness.    The  longitudinal  seams  o{  the 
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riveted  pipes  are  double-riveted  and  are  estimated  to  have 
70  per  cent,  of  the  strength  of  the  solid  undrilled  plates. 
The  pipes  are  united  in  lengths  of  from  4  feet  to  6  feet,  with 
circular  seams  of  single  riveting. 

The  minimum  thickness  of  welded  plates  is  j  inch. 

The  weight  of  steel  pipes,  complete  with  sockets,  spigots, 
rivets,  lap-joints,  and  asphalte  coating  inch  thick,  is  one- 
fourth  of  that  of  cast-iron  pipes  of  equal  strengtli.  The 
<|oating  effectually  prevents  corrosion.  The  weight  of  steel 
j^ii^es  complete  as  above  specified,  is  given  by  the  formula  (1)« 

;  Weight  of  Steel  Pipes  per  Lineal  Foot. 

;  W  s=  -33  <i  t/J  (1) 

•  W  =  weight  per  lineal  foot, 
!    (1  —  diameter  in  inches. 

■  w  —  weight  of  plate  or  sheet  in  pounds  per  square  foot. 
t  =  thickness  of  pipe  in  inches. 

*  H  =  wurkiug  head  in  feet  of  water. 


r 


Tltivknegit  of  Pipes  and  Workiuff  Head  of  Pressure. 


(  t  =  00012  dH       .      .      .      .  (2) 

(^st-iron  pipes  >  i  r  _      t  .  . 

{     "  ••0UO12"rf ^-^^ 

(  f  =  •0()0()2r»  d  n     ,     .     .     .  (4) 

steel  pipes     .  .     ^  f   


A  ri-ineh  livetecl  steel  pipe,  8  feet  7  inches  long,  i  inch 
tliick.  W51S  tested  under  a  l)ursting  pressure  of  KJO  lbs.  per 
sipiare  inch.  It  leaked  slightly  at  one  of  the  rivets,  and  a 
portion  of  the  cuulkinLT  slightly  yielded.  No  other  sign  of 
damage  was  visible.  The  longitudinal  lap-joints  had  lj|  inches 
of  lap,  with  ;-in<'h  rivets  at  1/,  inches  of  pitch.  It  was  fitted 
at  eacii  end  with  a  circular  llange  2h  inches  by  2h  inches  by 
^-inch  thick.  The  ultimate  ten<ile  strength  of  the  metal  was 
24  tons  per  square  inch.  The  stress  on  the  metal  was  at  the 
rate  of  7f.O  x  12  =  9120  lbs.  per  lineal  inch,  or  (!n20  x  4  =  ) 
:-^<»480  ll>».,  or  lU  H  tons  per  square  inch  of  section  of  both 
sides  together.  This  is  about  equal  to  70  per  cent,  of  the 
ultimate  resistance,  or  IG'8  tons  per  square  inch,  the  sti-ength 
at  the  joint  ;  showing  that  the  calculated  ultimate  rcsistauee 
ia  corroborated  by  the  results  of  the  test. 

Digitized  by  Google 
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Table  1 1 7. — Weight  of  Riveted  8t£kl  Pipes,  with 

Plaijn  Euds. 

(The  Steel  Pipe  Compatiy). 


CU3 


C4 


•004 


•072  1  D80  (  092  |  '104 


I 


•116   '125  I  'laS  I  lU  -160  '  '176  *1876 


I 


ii;  !  1.1  '  14    18  I  12    u     4  10 


9 


S 


Xti 


s 


Weioht  per  LtNSAju  Foot* 


1 11^ 

i  Mo, 

li 

2  75 

4 

8'64 

* 

4-33 

♦  t 

5-12 

8 

6-70 

•I 

7-49 

10 

S-2S 

Jl 

12 

•  •  • 

I.H 
11 

•  ■  • 

J.i 

«  •  • 

17 

... 

IS 

I'.l 

•  •  • 

21 

•  *• 

•»•> 

•23 

...  i 

24 

•  •  k 

•25 

•iJ) 

27 

•  "  t 

28 

•  ■  • 

29 

30 

•  •  • 

Lbs. 

3-  20 

4-  04 
4*89 

r  .-•> 
O  '.i.S 

7 -48 

.S-2«» 
9-1  J 
9*90 
10-St* 


Lbs. 

3-  60 

4-  44 

'  «;*32 

7-2<i 

9*14 

,11*02 
ll*9rt 

18-84 


I.hs. 

4'0r> 

•  .')'18 

C.-JJ 
7* -29 
«-37 
9*4.'i 
Id-.".:; 
1 1-1. 1 
12*09 
18*77 
!14*8:» 
!l5-9:i 
17*01 
18*10 

*  •  « 


Lbs. 


Lbs,  Lbs.  j  Lbs. ,  Lbs. 


Lbs. 


Lbs. 


Lbs 


,  S'3.>|  H'42 
.  9*57, 10*78 
10-79  12-14 

12*91  .13r»(» 

14-1;;  i4\so 
,  10*35  iH)*22 
.16'57  17-58 

17*79  1S-W4 
ilv»*01  '20-30 
!20-2;{;21-G7 
l21  -46  123 -03 
|22'67|24-40 
:28'89|*25*7a 

...  :27*n 

i  ...  '28*47 


•  t  • 


I 

14*48 

l.'>-9o 
il7-42 
118*89 

20  •3«) 

21  *S3 
23*30 
24-77 
20*24 
•27-71 
•20-lS 

1 30 -or) 

32*12 

'33*59 

35 -or. 

.3«)*53 


I 

19*41 

•2(»*91 
22  '42 


27-71 ' 


'29*83 


•22'4'2[24'94 

•24-10  ^C. -SO 

•  •28-07  31\^1  :W20 


•29 -70 '32*01 


•25 


0  >23-92 127*44  130*53  33*80  30  37 
"  25*43  •2<» -12  '32*40  36*91  '88*66 


... 
... 
«« « 
•.* 
«•• 


■  I  ... 


... 


.t  > 


... 
... 


... 


20*94 130 -SO 
•2S-4-1  i32*47 
'•29-95  34*15 
31*46  36*82 
|82*90  37*50 
■34-47 '39*18 
IS5-97  40-85 
37*48 ,42 -53 
88-98  44'20 
40-50  i45'SS 
42-00  I47 -50 


34-20  37*90  40  74 
3(i*13  40-0]  '42-93 
:^8-00  42*00 j46*ll 
39  85  44*11  47*:i0 


41*71  40-10 

48*21 


43*58 


49*48 

5i*(;7 


'45-44  50-20  53*85 


4731 ,62-31 
49-17,64-86 


43-50 


45-00  60*91 


I 


49*23 


4»'90  52*58  68-M)  64*61 


51-  04 

52-  90 
64*77 
56*68 


'50*41 
'58*40 
00*51 


62-56  06*96 


50-04 
68**29 

(50*41 
(Vi'OO 
04*78 


69*18 
■i 


Usual  lengths,  18  £eet  to  -iO  feet. 


Digitized  by  Google 
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Table  118.— Weight  of  Riveted  Steel  Ptpes,  with 
Plain  £nds  :  to  8f>  Inches  in  Diameteb. 

(The  ^teei  ir'ipe  Company.) 


3 


4 


0 

16 


Weight  per  Lineal  Foot. 


'  Ins 

Lbs. 

Ll)s. 

I  j1>s. 

Lbs. 

Lbs. 

Lbs. 

i  12 
1  '18 

18*9  1 
20*8 1 

29*8 
82*0 

40*5 

» V/  KM 

43*8  < 

1 

1 

34  "1 

jr.  "2 

( 

23-3 

4 '.»•() 

r>f)-3 

1 

1 

■ 

) 

24-7 

38-5 

51-8 

<)3-l» 

26-2 

40'7 

64-71 

n7*5 

'. 

f 

1  IS 

27*7 

42*9 

r)7*r> 

1  1  0 

S.V7 

', 

10 

29-2 

45-1 

•M)-4 

74  T/ 

!»0-0 

'  i 

20 

30-t> 

47-8 

r>3-2 

78-3 

94-3 

■  1 

9 

• 

f  22 

32  1 

4»*5 

81*8 

98*6  112*6 

i 

33(> 

51-(; 

08-9 

85-4 

102-9 

117*6 

i  23 

3.")-0 

r.3*8 

71*8 

89-0 

107-2  122*8 

i  24 

3(;T) 

/irt-O 

74  •« 

92-6 

111-5 

127-9 

149  U 

u;7*8 

186-7 

205-9 

•2*26*6 

1  25 

•  •  ■ 

58*2 

77-5 

9(»*2 

115-8  133*11164*7 

174*2 

198*8 

213*6 

•284  0 

'  26 

•  •  • 

60*4 

80-3 

im-8 

120-1 

138-2 

160-4 

180-6 

200*9 

2-21 -4 

242-4 

27 

«)2'(; 

S3-1 

103-4 

124-4  1143-4 

W\ 

1S7-0 

208-0 

2'29-2 

•250-8 

28 

■  •  • 

♦>4-8 

80-0 

107-0 

128-7  i  148 -5 

171-8 

li>3-4 

215-1 

•237-0 

•259-3 

29 

•  •  • 

rt6-9 

88*8 

110*6 

133*0  158*7 

177-5 

199*8 

•>•■)•)••) 

•244^8 

•267-7 

•  •  » 

69*1 

91*7 

114-2 

137*8 

158*8 

188*2 

206*2 

*229*3 

252-5 

276-1 

31 

■  •  • 

04T> 

117-S 

141-6 

H>4-0 

188-9 

•212-7 

•231) -4 

2»;o-3 

•284-5 

97-4 

121-4 

14.0-9 

ir.9-2 

194 -li 

•219-1 

•243-5 

LNi8-l 

•293-0 

38 

•  •  • 

•  •  • 

100-2 

1-25 -0 

150-2 

174-3 

200-3 

2-25-5 

250-6 

275^9 

301-4 

•  •  • 

103*0 

128*6 

154*5 

179*6 

206*0 

232*0  !*267*8 

-283*7 

809 *tf 

35 

•  ■  • 

•  •  • 

105*9 

182*2 

158 -S 

1S4-H 

•211-7 

23S-3  -2(54-9 

•291 -4 

318-2 

3<i 

•  •  • 

•  •  • 

108*7 

135-8 

103-1 

189-8 

217-4 

244-7  j272-0 

-299 -2 

326-7, 

* 

I 
• 

• 

*Hie  maftl'^  lengths-  to-  whUk  tke  nvetod  steel  pipes-  are 
constractedy  are  horn  18  feet  to  40  feet* 
.  The  lone^tadinal  seams  ol  riyeted  steel  pipes,  double* 
riveted,  are  proved  to  have  a  bursting  strength  equal  to 
•70  per  ceol;^  of  tbat  of  the  solid  undriUed  plates. 
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Tablk  110.— Weight  of  Kiveted  Steel  Pipes,  with 
Plain  Ends  :  to  00  Inches  in  Diameter. 


(The  Steel  Pipe  Company.) 


T. 

Sfi  . 

<u  r. 
C  ^ 

^  "7 

.^ 

7 

i 

0 

;) 

I 

1  1 

3 

1 
1 

i 

1  G 

"A" 

1  0 

To 

8 

i 

1 

1 

• 

^» 

CC 

Q 

\Vkh!Ht  pi:k  Linkai.  Foot. 

1  liH. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

:  Lb.s. 

Lbs. 

:  Lbs. 

1 

1 

I^IIS. 

—  -  > 

T  Wo 
Li  OS. 

'■iT 

O  1 

l3J>-0 

107-0 

195  0 

223-0 

25 10 

•279-0 

'.307-0 

■i  1 M  .  A. 

.J40  0 

114-0  U3  0 

171-5 

•200  0 

2-29  0 

257  -5 

•280-0 

'315-0 

'-HJ 

1170  140-5 

i7»;-o 

•205-0 

2.{4  -5 

•2C4-0 

2H3-0 

3-22  ^5 

"♦VJ 

120  0  150-0 

ISOO 

210-0 

210-0 

270-0  3(X)-0 

330  0 

.J<0\> 

•1  i 

122-5 

1.03-5 

184-0 

215-0 

24<-»-0 

-277-0  308  0 

339-0 

,ici{j  U 

AO 

12.V0  157-0 

ISS'5 

2-20  •O 

-2.52-0  -284-0  31(->-0 

348-0 

127-5  ICO -5 

193-0 

225-5 

•258-0  -291^0  3-24-0 

350-5 

OVil  0 

130  0  104-0 

197-0 

2:{0^5 

2r»4-o 

•298-0 

332-0 

3t>5-5 

Hjy  o 

A't 

132-5  107-5 

201-5 

•230-0 

•270-5 

305-0 

340-0 

374-5 

1  1  O  'A 

4  7«l  'A 

135  0  171-0 

205-5 

•241-0 

270-5 

312-0 

348-0 

383 

Hi  1  • 

47 

137-5 

174-5 

210-0  240-0  2S2-5 

319-0 

350-0 

392-0 

439-0 

49r»-5 

48 

1400  178-0 

214-5 

•251-5 

2S9-0 

3-2(»^0 

304-0 

401  -0 

449-0 

509-0 

576-0 

4i> 

IS  1-5 

218-5 

•250-5 

295-0 

333-0 

372  0 

410-0 

459  0 

521-0 

591  -0| 

60 

1S5-0 

223-0 

2»'.2-0 

301  -0 

340*0 

.380  0 

419-0 

409-0 

533-5 

606  01 

51 

lS.S-5 

2-27 -0 

•207^0 

307-0 

347-0 

388-0 

428-0 

479-0 

545-5 

021 -Oj 

52 

l'.>2-0 

231-5 

272^0 

313-0 

354-0 

396-0 

437-0 

489-0 

558-0 

030-0 

63 

l'.»5*5 

•230  0 

277-5 

319-0 

3*iro 

404-0 

440-0 

498-5 

5700 

051-0 

54 

•  • . 

109-0 

-240-0 

•282-5 

325-0 

3*>8-0, 

412-0 

454-5 

508-5 

582-5 

066-0 

55 

••• 

244-5 

•288-0 

331-5 

375-0 

420-0 

403-5 

518-0 

594-5 

681-0 

56 

;;; 

•  *  • 

•248-5 

•293  0 

337-5 

382-0 

428-0 

472-0 

5'28-0 

<)07-0 

696-0 

Di 

253-0 

•29S-0 

343-5 

389-0 

430 -0 

481-0 

.5:^8-0 

019-0 

711-0 

5b 

... 

257-5  i 303 -5 

3.50-0 

390-0 

444-0 

490-0 

548-0 

631-5 

726-0 

...    •2rtl*5!30S*5  350*0 

4031)  • 

452-0 

499-0 

.558-0 

643-5 

741-0 

00 

-206-0  314-0  302-0 

410  0  400-0 

508-0 

iOS-0!050-0| 

1  1 

756-0 

The  usual  lengths  to  "w^hich  the  riveted  steel  pipes  are 
constructed,  are  from  18  feet  to  40  feet. 

The  longitudinal  seams,  double-riveted,  have  70  per  cent,  of 
the  strength  of  the  solid  plate. 
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Table  12u. — Weight  of  Lap-Welded  Pipes  with 

Plain  Ends. 

(The  Steel  Pipe  Company  ) 


•X. 


c 


Ins. 
3 
4 
.'» 

I 

8 

l» 
10 
II 
IJ 
IH 
11 

i:> 
ir. 
17 
IS 
i;» 

•JO 

•J  I 
•>•) 

27 
28 
20 
30 


•17r>  -11)2 


•212  -232   •2.'.2   •27<J   •3(M)  -3 12'.    •37'»    -4375  -oOO 


4  3 


1 


i 

4  T-tT 


^1 


1  u 


Weight  Ptu  Linkai.  Foi»*i. 


Lbs.  Lbs.  Lbs. 


Lbs. 


5-071  rt-54l  7-27  S'(K) 
7-85  8 -501  0-64!  10  4S 
0-73  10-04111 -soil 2  OO 
11-m  12-60114 -07!  15 -43 
13-40  14-73  Hi-33  17  01 
15-37  16*70  18-<yO  20'3S 
17-25  18-83;-20'87  22-8f. 
10-13  20-80  23-13  25-33 

21-  01  22-04;25-40  27-81 

22-  S0|24-98  27 '(Wi  30-20 
21-771-27 -03  •20-02  32-70 
2<>-65 :  -20 -08  32 - 10  35  -24 
2S-53|3ri2  34-45  37-72 
:;0-4l|33-18  3()-72  40-10 
33-20  35-23  38-08  42T.7 
}4-17i37-28  41-24  45-15 
:u;-05i30-33  43-51  47-(i2 
.r-03'4r38  45-77  50-10 
30^81  43-43  48-04'52-5S 
4 1  -liO  46  -47  .50-30,55  -05 
43-57,47-52  52-57  57-53 
45-45  40-57  54-83  ♦'.O-Ol 
47 -33151 -(12  57-00  (?2-48 
40-21  53-(>7i5l»-3t>r.4-0r> 
H -00:55-72  01 -C3,l>7 -43 


Lbs. 
S-75 
11-44 
14-13 
'ir)-82 
10-51 
22-20 
•24-00 
27-40 
30-28 
32-07 
35  •('»«•» 
:i8-33 
41-04 
43-74 
4«>-43 
40-12 
51-81 
54-50 
57-20 
50-88 
02-57 
05-27 


07-0<'» 
70-»»5 

,73-34 

52 -07*57 -77  03 -89 V.O -01  7<'» -03 
5 4  -85  59 -82  V»0 •  1  r> ' 7 2  -Si'  78-72 
.0-73  01  -87  08-42  74-8r>  81  42 


Lbs.  •  Lbs.  Lbs. 
0-05  10-57'  8T.0' 
12-(K)  13^78  ir3r» 
15-55  10-08  14-03 
lS-50'20-lS  ir.'70 
21-44  -23-40  10-37 
•24-40  'l\Va\  22*04 
•J7-34  -20*80  24*71 
30-28  33-00  -27*38 
33-23  30-21  30-05 
:;«i-is  30-41  32-72 
31»-l:;  42T.2'35^3'.» 
42-07  45-82  :;8-0«i 
45-02  40-03  40-73 
47-07  52-23  43-40 
50-02  55-44  40-07 i 
53*80  58*04  48*74 
50*81  0.1-84  51*40 
50  05-05  54*07 
r.2*70!(;8*25'50-74 
05*05  71-40  59  *41 
08-00  74  r.(.  02-08 
71  -55  77*87  04-75 
74*50  81-08  r»7-42 
77-44  84-28  70-10 
80*30  87-49  72-70 
83-34  00-72  75*41 
SO-28  93-02  78-11 
80-23  97-13  80-78 


Lbs. 
1104 
14-38 
17-70 
21  -Of. 
24*40 
-27-74 
31-08 
34-42 
37*7(> 
41*10 
44-43 
4/  *i  ( 
51-11 
54-45 
57-78 
01-12 
04-4r» 
07*80 
71-13 
74-47 
77-81 
81-15 
84 -IS 
87-82 
01-10 
l>4-50 
07-83 
101-17 


Lbs.  Lbs. 

13-53  15-10 

17 -53  -20-76 

21-53  25-43 

25-54  30-10 

•20-.54  34-77' 

:i3-55  30*44' 

37*55  44-11 

41-50.  48-78 

45*50i  53-45' 

40*57  58-12 


53-57 

57*58 

0.1-58 

05-50 

00-50 

73-00 

77-<M)i 

81  -00 


02-70 
0.7-40 
72-13 
70) -80 
81-47 
80,-14 
00*81 
05-48 


85-01  j  100  15 
80*02' 104 -82 
03*0.2  100-40 
07-03  114-10. 
101-03  118-S3 
105-04  1-23*50 
100-04  128-17 
113*0.5  132-84 
117*05  137*51 
121*06  142-18 


Lbs. 
18*70 
24*04 
20*38 
34*72 
40*00 
45*40 
50*74 
50. -OS 
01-42 
('.0-76 
72-10 
77-43 
82-77 
88-11 
03-46 
08-80 
104-13 
100-4; 
114*81 
1-20*15 
1-25-45 
130-82 
130-10 
141*50 
140. -81 

152-18 
157-52 
1152 -86 


Usual  length,  14  feet  tii  18  feet. 
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Table  121.— Rollbd  Iron  Joists:  Estimated 

(Measures 


Factor  of 


1  1 

1  Reference  1 

Clear  Span  in  Feet,  or 

1  Number.  1 
1  -  1 

8 

10 

12 

14  j 

16 

18 

— -  -  ■  - 

20  1 

1     No.  1 

Tuns.  ' 

Tons.  ' 

Tons. 

Tons. 

Tons. 

Tons.  1 

Tons. 

Ttnis. 

1)0-0 

(>7-4 

r>40 

45-0 

38-(i 

n.i  /  ! 

30  0 

270 

1  2 

40-0 

33'3 

28*7 

2a  (> 

22  / 

200 

1  ^ 

4(J-2 

3(r(; 

30-9 

2(5-5 

23*1 

20  M» 

18-3 

1  ^ 

50-8 

37-9  ! 

30-4 

2.>-4 

21-7 

19*0 

16  9 

15*2 

1  ^ 

... 

43-6  1 
32-8 

35-0 

29-0 

250 

21*8 

19*2 

17-8 

1  ^ 

|45-5 

2r>-8 

21-9 

18-7 

16*4 

13-1 

1  7 

36-2 

27-2 

21-7 

181 

15-5 

13*n 

12  1 

10-9 

1  ^ 

33*a  1 

25-0 

20-0 

16*6 

U*2 

12*5 

11*1 

10-0  I 

1  ^ 

24-7  ! 

18-5 

14-8 

12-4  1 

10-0 

9*3 

8*2 

7-4 

1  1^ 

21-6 

16-2 

13-0 

10-8  1 

9-3 

8*1 

1  11 

1  • .  • 

• .  • 

•  •  • 

... 

•  mm 

1 

... 

r 

1 

19-2 

14-5 

11<) 

9-6 

8-3 

i'2 

1*.  1 

ri-8 

r 

1  *  • « 

15*6 

12-5 

10-4 

8-9 

7  8 

7"U 

6-2 

1  U 

l«-6 

:u-o 

11*2 

9*3 

8-0 

7*0 

6*2 

5*(; 

1  I'"' 

13-9 

:  ion 

8-n 

7() 

(••0 

»r2 

4**> 

4-2 

1 

15*4 

ii-n 

9-2 

7-7 

o*8 

T.I 
i>*l 

4-6  , 

13-1 

9-8 

7-8 

(i-5 

5-6 

4*9 

1  4*3 

4-0  ' 

1  18 

9-3 

r-o 

5-3 

4-7 

4-0 

3n 

31 

2*8 

1 

r>-4 

:  4-8 

3-9 

3-2 

2-8 

2-4 

j  2*1 

1-9  , 

1  20 

llo 

■  S-5 

<>-8 

5-7 

1-9 

1-3 

1  3-S 

3-4 

1 

r)*7 

4*4 

3*2 

2-5 

'  2-3 

1  22 

4  1 

3-8 

2r> 

2-1 

1-8 

in 

1-4 

1-2 

HI 

2-3 

M) 

l-(> 

1-3 

1-2 

1-0 

\'\) 

1-3 

M 

0-9 

0-8 

0-7 

o-i; 

(»•:> 

1 

1  ;>M 

4-2 

3-3 

2-8 

2*4 

21 

1-8 

41 

1  3-0 

2-4 

21 

1-7 

ir> 

1-4 

1-2 

1 

1  2-3 

!  1-7 

11 

11 

()-9 

0-8 

0-7 

()-fi7 

1  2S 

17 

i  1-3 

i  1-0 

()-9 

0-7 

()•{) 

o-r>7 

O-oO 

.1  29 

1  0-8 

j  0-6 

0-5 

0-4} 

0-3f 

0-3 

0-28 

0-25 

I 

Sote, — For  Dimensiuns  and 


••  •  I 
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Safe  Febmanest  Disteibutsd  Loads. 
Bi^otliers  ^  Co.). 


Safety  l-4th. 

I     I  iji  I 


Distance  between  Supporto. 


22 


Toils. 
24-5 
18-0 
l(>-8 
13-8 
15-7 
11-9 

l)*9 

iH) 

(i-7 

•  •  • 

5*3 
5»6 
5-1 
B-8 
4-2 
3(> 
2-5 

1-  8 
31 

2-  0 
1-1 


1-5 
11 

o-«o 

0.-41i, 


24 

Tons. 

22-5 

10-7 

15-4 

12-7 

14-2 

10-y 

9-0 
S'H 
(>-2 
5-4 

•  •  • 

4-  8 

5-  0 
4-() 
H'5 

;-i-8 

2-3 
!•(; 
2-8 
1-9 
1-0 


1-4 
1-0 
0-58 
0-40 


1 


26 


20*8 

ir)« 

14-2 
11-7 
13-2 
lO-l 
S-4 
7-7 

:)-7 

•  •  • 

4-4 

4-i; 

4-3 
3-2 
3-6 
3-0 
2-2 
1-5 
2<) 
1-7 
0-9 


1-3 
0-9 
0-52 
0-38 


28 


30 


Tons. 
19-3 
14-4 
13-2 
l()-9 
12-2 
9-4 
7-8 
7-0 
5-3 

4-a 

•  •  • 

41 
4-2 
40 
3-0 
3-3 
2*8 
2-0 

1-  4 

2-  4 

i-r> 

0-8 


1-2 
0*8 


32 


T(»ns. 

18-0 

13-3 

12-3 

101 

n-0 

8-7 
7-2 
6-7 
4-9 
4-3 

«  «  • 

3-9 

•  •  ■ 

3-7 

2-  8 

3-  1 
20 
1-9 
1-2 
21  ; 
1-3  ' 

0-;^ 


M  . 

0-7  . 

•  •  •  I  • 

•  •  •  I  • 


Tons. 

ir»-8 

12 
11 

9 
10 

8 

(> 

(> 

4 

.  4-0 


() 
5 
2 
5 
8 
2 
(» 


34  36 


Tons. 
15-9 
11-8 
10-9 
9-0 
9*8 
7-7 
G-4 
5-8 
4 
3 


8 


2 


i  • 


Tons. 
15-0 
IM 
10-3 
8-4 

•  •  • 

7-2 

(;•() 

4-1 
3(J 
«'•  • 


RufereiH't* 
Number. 


No. 

1 


2 
3 


5 


8 
9 
10 
It 
12 
13 
14 
15 
10 
17 
18 
19 
20 

21 

9A>. 


23 
24 

2r> 

27 
28 
2i»  1 


Weights  of  Jolstg,  see  Table  122. 
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TABLB  122. — BOLLED  IBOX  JOIBTEk 


(Measnres  Brothers  &  Co.) 


i  Number. 

Secticnal 

Thickness  of 

1 

Weight 

Diiueiisions. 
Peptnx  Wmtn. 

Web  i 

IT  vUm 

Flangaa 
(average). 

I>int*fll 
Foot. 

jjenguis. 

Inches. 

'  ~ — -~-  ■ 

Inch. 

Inch.  1 

1  ounds. 

i?  cet. 

1 

1  1 

1  (10 

1  f,  tn  40 

2 

17|  X  <ii 

ii 
1(1 

45 

82 

1()  to  40 

8 

16  X 

JL 
Itt 

Iff 

8  to  40 

* 

14    X  «i 

13 

in 

8  to  40 

5 

12    X  7  :J 

•  •  • 

•  •  • 

72 

1(1  to  3« 

%«r*' 

6 

12    X  « 

« 

3 

6  to  40 

? 

12    X  5 

1  1 

^  32 

fl  3'.: 

42 

6  to  40 

8 

10    X  « 

1 

2 

1 

K 

7  to  .S6 

10   X  '> 

J_ 
1(1 

11 

Irt 

36 

6  to  40 

10 

.  10   X  ^ 

7 

10 

i» 

13 

32 

6  to  30 

11 

'     85  X  B 

*  •  • 

•  *  • 

.  42 

AM 

10  to  80 

12 

.     9J  X  4i 

8  S2 

9 
10 

29 

6  to  40 

la 

9i  X  ^ 

^  J- 
8  3U 

t  3u 

•  24  > 

.  6  to  40 

u 

8  X6 

4: 

2  55 

l 
2 

34  t' 

4  6  to  80 

15 

8X5 

8  32 

2  M 

29 

5  toi40 

Ifi 

:    8  X4 

i 

.7 

]j5 

22 

mm 

5  to  80 

17 

<    7  X3| 

5 

10 

7 

iB 

20 

^m  \^ 

5  to  40 

18 

6X5 

I 
2 

1 

2^ 

>  .29 

'  5  to  86 

Id 

6ix8J 

5 
10 

^  ■ 

10 
1  • 

i 

.16 

r>  to  40 

20 

.     5  X4i 

O  X 

IB  35 

1 

^9  > 

i>  lO  oD 

21 

4ix8 

JL 
in 

ft 

.  13 

5  to  36 

22 

4  X3 

*x 

12 

5  to  80 

23" 

3  X3 

ft» 

10 

5  to  30 

24 

8  X2i 

! 

IT) 

H  to  30 

25 

7  X2J 

6i  X  2 

ft- 

14 

f)  to  30 

26 

f/ 

i 

11 

5  to  30 

27 

4|  X  IJ 

8 

5  to  2(i 

28 

4   X  U 

ft/ 

7 

5  to  2(; 

29 

3  X  li 

1  ft 

1 

1  ft^ 

.  5 

5  to  26 

h  =  bare.;  /  =  fulL  - 


For  Safe  Loads,  see  Table  121. 
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Table  123. — Rolled  Iron  Joists  :  Calculate©  Bbsakinq- 

Load  ax  the  Centre. 

(Butterley  Iron  Company.) 


.')  X 


0 
9 
9 


6 
6 


6 


6 

O 

4 

5 

11 

If 
4 


Sectional 
Dimensiotig. 
Deptbx  Width. 


20   X  10  . 

9|  X  Of  { 

8  X  t;i 

♦>    X  ^ 

()    X  5i 


Minimum 
Thickness 
Qf  Web. 


X 
X 
X 

X  5 

01  X  H 

"   X  5 

X  H 

X  H 

8i  X  4 

8  X  4i 
8X4 

8  X  21 

7iX  2i 

7  X  31 

6fX  3i 

6iX  2J  i 

"   X  * 
X 
X 

H  X 

51  X  If 
5  X 
4i  X 

4i  X  U 

3  X  li 


i 

4 
i 
1 

10 

4 

13 
10 

J- 
10 

i 


I 


i 

1 

2 

I 

J»_ 
10 

i 

s 

9S 


Average 
ThickiiPHS 
ofFJangfis.  j 


H 
I 
f 
i 

i 


i 
1 

IS 
10 


4 

& 

I 


I 


ft 
ft 
i 
ft 
ft 
ft 
i 
i 

1 

ft 
i 


Weight  per 
Lineal  Foot. 


Pounds. 
140  to  144 


Copfflcient  of 
Transverse 
Strength  : 
LoM<h1  at 
the  Middle. 


ui>  to 

()/  lO 

/O 

1 

()o  to 

on  j 

(*5.>  to 

i  I  I 

J)/  to 

oO  1 

1 

to 

62  1 

1 

1 
1 

ay  to 

o7  to 

1 1 

j 

4H  to 

60 

OO  ♦m 
DO  to 

A  1 

1 

t 

«|ti  to 

40 

i 

1 

to 

41) 

1 

1 

OO  to 

orr 
37 

i 

1 

OO  to 

'  Of » 

1 

OO  4*A 

2q  vO 

oU 

•i 

1 

40  to 

42 

19  to 

21 

1 

19  to 

21  j 

1 

23  to 

25  t 

1 

18  to 

20  1 

20 

1 

18  to 

30  to 

32 

t 

2()  to 

28 

f 

2.S  to 

2r> 

t 

1 

27  to 

21)  ! 

11  to 

l.H  i 

9  to 

11  1 

18  to 

18  ' 

t 

7  to 

1)  1 

•  ll 

3  to 

4  ! 

20.812 
8.700 
7.704 

7,644 
6J04 
5,544 
5,064 
6,048 
4,069 
2,700 
2,564 
2,902^ 
2,144 
2,100 
1,748" 
i2,840 
1,194 
807 
1,144 
946 
825 
1,512 
1,245- 
1 ,094 
1,117 
375- 
881 
560 
251 
60 


1 


JIh  of  tlw  TahU. — Diyide  the  number  in  the  last  column  by 
the  span  in  inches ;  the  quotient  is  the  breaking  load  in  tons 
at  the  centre. 
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14 


si 


c  D 

3  "3 


CO 


c  o  »o  o  o  •ii.x  ao        la  o 
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1 
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«»x>  'M  I'  —  -  — '  — '  1-: 
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Table  124.~Bot.LBP  Steel  Joists  CronHnnted). 


for  One 

5 

O 
'? 

.  X  OC  Ci       -j;  O            "-t*  lO  i£5  ^  O  CC  t  ^  Ci  CC  »-<  N.  00 

-     O  i>-  tr:  iri  O  O  lO  CO  Ci  lO         S»  30  ph  »a  -t*  o 

m 

3 

■a 

••••«      •••••      «      •  • 

o  CO  t>.  -t^                M  'M  CO     I*:  o  ?c  X  x>     o  »^  r>. 

H  -fi  C<I       -r-           'M       C  S>  00      I'T       :r       -f  o  o 
so  CO       n  C>4  -M  'M       iM  f-^       .-^  ^     1       (M  <M  • 

Distrilj 

1 

• 

u 

s 

o 
Cm 

.O       lO  O       O  »^            *Q  •— 1            'M  »o  '-^ 

a  ^  S9  9*  7^  \^  9^  9^  o  o  cc  o  -.c; 
o  1^     Si     To  o  rb  1-  o  '30     o  -f  1  X  ac      -fi  o  »'c  a;. 

HiOcOCOnO-^Orit-trt-f-M—  •'T-fCrT'+'CO'M 
-*''^«O0QCOSOSO'M(MC^(MC^CM'MCO«OCO«-ii-Hi— t 

1  Weight 

,  Lineal 
Foot. 

si^cqt<-coo»ooioectHoo4H<^«^0)e<i  oo^  <c  c>) 

o 

Sectional 
Area. 

Jri-t<  c-x'^'Mi':t^cococ^'-i«oO'^<MOi>iMt— 
HHtr  >-':oc'M^-^co'N'Mr-io03»aQoo»^Ol>«»l>»«& 

Mean 
Thickness 

of 
Flanges. 

i  _  

• 

c:QOao«C50«ct^i>»t>»;fiO«ot£:£X>ooaoioio»o 

V. 

atj  . 
fl  CD 

• 

•g»-^r5i^X)X'^oo^fiO€O«NO>»Haoe^O4<0  "^oo 

^  •••••••••••••     •  . 

Actual 
Dimensions. 
!  Depth  X  Width. 

i-4C5r^i^X)-^x>r-<cococoC5'-Hx;ccoOocaco 

i;   ••••••••  •••••••••••• 

^         »o  J*:     \r  ^r*  to  lo  o  o  -*<  ^         t--  ;i  CO  CO  CO 

gxxxxxxxxxxxxxxxxxxxx 

Nurnial 
Dimensions. 
Depth  X  Width. 

H7«H?4Hn             <ai»«8t  If  Willi 

(JQ                                                                      •                                    ^*  ^      ^              v*V  ^••r  v*9 

%xxxxxxxxxxxxxkxxxxxx 

• 

Reference 
Number. 

1 

1+  1+  1+  1+  1+  1+  1 
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Table  124.^Rolled  Stebl  Joists  (jfiotUinttefr), 


Distributed  Load  for  One 
Foot  Span. 

9 

o 
o 

€3 

a*«    «                                    •••  •••• 

Factor  4. 

o;s'Mt^-t-oo'Noxcsi<MQO'*C5«:sC'-ii.'*'^oor>- 

rH  1— <  ^  rH  i-i  >-n  1— ( 

Factor  3. 

Weight 

per 
Lineal 
Foot. 

Sectional 

3  1 

OB 

^  o  o  o     »  oD     ^5  i  »b  lb  »c  lb     30  t>  i>  »c 

Mean 
Tliickness 
of 

1  Flanges. 

• 

C  ^  "SC  »  CD  CD  ?0  ICS  lO  lO                  lO  lO  »tt  iri  i-^  IC  lO  o 

Thickness 
of  Web. 

• 

Actual  ; 
Dimensions. 
Depth  X  Width. 

J 

10  000«M'-t'-^CCOJ»— i»>'QCOt^l^QO'*-H'*5S"^ 
n  ^  to  1^  >0  to      ^  ^  CO  00  00  00  OOOOflO>OiO^COOO 

-sxxxxxxxxxxxxxxxxxxxx 

'M 

Normal 
Dimensions. 
Depth  X  Width. 

«W  WW  floH"  HCI 
.  «A       «^  «A       *A  ■<^M      mtt       cm  0>f>  Bfs  tfs  efs  tfs  lA  •  A  en 

^  «w                        "W         ^1         ^T*  Vm         99  99  VS  9i  *w         ■*«  99 

5XXXXXXXXXXXXXXXXXXXX 

i 

§5  3 

+  1+  1+  1+  1+  1+  1+ 

o  o    :5  c  o  o  c    c5  o  c5  C  o  cl^  :!j  '1^5  o  c5  o 

^68  MANiTKA^rruKBii  M^r^Al^. 

Table  124.^HoLLfiB  Ktbel  4oigTB  (otmtimt^l 


a 
C 

u 

.o 


§1 


i4 
'/t 

s 


o 


CO 

o 


^:  r;  1—  «  f-  '^f^  CI  c  cc  CM     —     I-  ~  j  I  -  w 


o 


»2 

»& 

o 

*  A 

lb 

• 

Pi 

CO 

CP 

C  iC  -r^  O  (71 
J3  ^  I— «  »-H  r-i 

c2 


•    »!5  iC: 
O  X  i  c  CC  tr-  »b  CO  O  OS  00  <o 


•••••••••••••••••••• 

•  :  • 


t.  »c:  »~ 
ri 


Z  1^  4>t  0b      46  to  COfStftSfittlDICtt*'^      OS  Od  90,^ 


•   C^l  W  *M  »J 

«     sc  ec 


bit  -i 


o  <e  1: 


fit  <•«  4^  C»  >e      <N  CO  IC  lO  lO  ^  (M 


•  •  • 


•  •  •  •  • 


'1^ 


'SXXXXXXXXXXXXXXXXXXXX 

lo  »p  *r*  ^  ^ 


t-  =  X 
o  a;  - 


CO  d*©* 'N  «5  CI  io  «a  MS CO  CO  ec  i-<i^i-«co 
I  XXXXXX^XX-XXXXXXXXXXXX 

-4n  — irt  — iM  W-f      eoif  "Cix 

^  w  w  cc  'X  »c  *r:  ic     »^  ir:  lO  i;:  »r:     lo  ic  -f  'f 


1+1+  1+  1+  1+  1+  1+ 

6  O    I  I— (  ^      -M  c^i  -1^  •c      »'i  \z  '-S: 

'>\  C:l  'M  C«  -ri  CI  -M  C-l       «M  <M  'M  <M  d  'M  -M  C^l  C^l  'T^  -71 

■  C    ::50  0 OO  C  OO'O  OO'C' o  o  o  o  o 
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Tablk  IlM.    I'ni.hKT)  S'rKK[.  Joists  {ronfi/iHcr/'). 


for  One 

Factor  | 

«5  -5      52  rt!    ^    ^-    ^  ^  ^  ^    fic  o 

juted  Load 
Foot  Span. 

n» 

(-1 

o 
-•J 

o 

«  P  It     !^     ^        <N     I-  C5  tc     —  'M         cv  o 

O  -V.              *. .  •••  ••••»••,.,,,, 

eO  <M  (M  09  (M  r-t  i-i  rH      1-H  r-(  fHl  ,-4 

J  Distril 

CO 

1 

a  »—       Cr.  f— 1  -I-  U5  ict  CC            (M  Ii5  CO  1— 1       O  l--  C<l  C^l  (M 
*^T»*  «0«Q  eo  CO  Ol  1-1  F-«  CS|  «      1-n      iH  OJ  Ol  H 

,  _   , — ^  

g  ^  £j     ^  ^  o  00  c;.(fi  i  ~.  I-  ;i  »rt  ri  6  ^  :o  »«  '-t* 

1 

-a 

*_ 

so 

"3            ^  N  1^  cc  oc     o  ac  X  00  r;     ir:  cc     c  r; 
«  T  'P     ^             ^         '-^  ^  t — ^     o  o  ij: 

^•^Hot '^^w  4^ « cii«5«o*«  ;^  A  «  «  ^  ^ 

— •  — —      .                   _  ^ 

y- 

-  £ 

•/: 

«^ 

?! 

• 

7}  '7^  w".  30  0>       <>C  t-       i5  -C-  i£5       QC  O  t-  O  CO  1— 1  1— I 

• 

p 

^  «2         X  r>         cr.  -f  cc      ^  «r      ^  r; 

.  r  9  J?»  r  9    »  V-  T  V  r-  *f  r    r  X-  ^    -^^  «P 

-gxxxxxxxxxxxxxxxxxxxx 

>5  <N 

-t* -f< a:  ^5  sb  a;  w  s«i  »^  «e  j<9 

«li 

n  c  X 

o  li  1: 

1    "                 .■  ■ ■ 

^xxxxxxxxxxxxxxxxxxxx 

f 

c  « 

■  if ' 

I  ^      IT^      IT"      IT-      li-      1+  1 

Xk.o&'QO     s^Ci  o-o  o»-<  1— 1  p-4  94  AO     ett  ors^ 

O  ^  O    :^         o  o    o  O  o 

Digitized  by  Google 


MANUFACTUKifiD  METALS. 


Factor  oi 


Reference 
Number. 


No. 


G 
G 
G 
G 
G 
G 
G 
G 
G 


1 
2 
3 
4 
5 
6 
7 
8 
9 


G  10 

G  11 

G  12 

Cr  18 
G  14 
G  15 
G  16 
G  17 
G  18 
G  19 
G  20 
G  21 
G  22 
G  28 
G  24 
G  25 
G  26 
G  27 
G  28 
G  2i) 
O  80 
G  81 
G  82 
G  33 


Clear  Span,  or  DistanoB 


Toils.  Tons. 


lU  12 

Tons.  Tons 


14  I  16 


Tons.  I  Tons. 


1  90-13  78-86 
1  68-15  59-68 


18  20 
I 


22 


33-82 
28-61 
21-97 

15-20; 
12-55' 
17-821 
]0-58t 
6-76| 
5-78. 
H-46 
12-95^ 

5-  Ui 

4-  08! 

6-  84 

5-  52i 

3-  251 

4-  24 
2-06 
8-45! 

1-38 


16-9 
25-86, 
21-45! 
16-48 

11-  40 
9-41 

12-  99 

7-  90 

5-  07 

4-  80 
10-84 

9-72 

6-  ll| 

8-  08 

5-  181 
4-15' 
2-41 
818 

1-  54 

2-  57' 
1-031 


Tons.  Tons.  Tons.  . 
70-10,63-09  57-351 
53  00  47-70  43-37 
:  46-42  40-61  36-10  32*49  29  54 

 i  43-44  38  01  33-79  30  41  27-64 

...  •  ...  ,36-45 31-90 28-40 25-52 23-20 
...  ....  >  37-33  32-66  29*03  2*-13  23-75 

...  '  3816  32-71  28-61  25  44  '22-39  20-81 
...  5  26-88  23-05  20-17  17-03  16-13 14-67 
30-64]  -25-54, 21-90 19151 1 702  15-32 13-93 
25-32}  21-52'  1844 1614.14-34  12-91 11*73 
21-20  17-66;  15-14ll3-25  11-77  10*60  9*63 
28-75'  24-65  21-56  1917  17-25  15-68 


34-5 
13-51 
20-29 
17-17 


11-25'  9-65 


8-44 


18-911 14-49 12-68  11-27  1014 
14-31|  12-26  10-73 
13-18'  10-99,  9-42'  8  24 
9-10    7-60    6-50  5-70 
6-28' 


7-  58 
10-89 

l)-82 

4-oi; 

8-  47 
8-(»7i 
7*77 
4-S9 
2'42 
4-10 


9-55  8-58 
7-321  6-59 
5-08  4-56 
5-88  4-70!  4- IS  8-76 
7-42  0-49.  5-77  5-19*. 


7-50  6-751  6-14 
9-22 
7-8 

5-99 
414 


5-  2»; 

8-88 
2-89 

7-  231 

6-  48t 
4-07; 
2-02 

8-  42 


4-51   8-951  8-51 


8-81'  2-76 


1-95, 
-2-55 

1  -28 

2  06 
-825 


ir,2 

2-12 
1-08 
1-71 
•688 


2-90;  2-54 

2-48,  2-17 

6-20'  ... 

ti*i}i}  ... 

8-49  ... 

1-  78;  ... 

2-  87  ... 
1-89 


2-25 


I  *  •  I  • . . 


2^^ote, — For  Dimensione  and 
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>AFE  Permanent  Distkibutkd  Loads. 

IjODg,  &  Co.) 
Safety,  l-3rd. 


between  the  Supports,  in  Feet. 

I   24  I  20  '  28  :  80  *  H2  84 


i  88 


40 


Tons. !  Tons. 

Tons. 

Tons. 

1  52-571  48-53 

45 

oi; 

42-oi; 

89-75136-70 

34- 

(.7 

31-80 

27-08!  24-lM.)i  23 

21 

21-<)0 

25*88  23-40121 

•72 

20-27 

21-20;  19-63f  18' 

'22 

17-OT 

21-77!  20-10 

18 

•00 

17-42 

19-08'  17-r.(> 

10 

85 

15-20 

18-44i  12-41 

11 

•52!  10*75 

12-77j  ll-7,'< 

10 

•95 

«  •  • 

!  10-7(r  9-92 

•22 

8-88  8-15 

"57 

•  •  • 

,  l4-3Si  18-27 

12 

82 

•  •  t 

5-f)2l  o-2() 

•  •  • 

7-15 
5*5 


  ,>4 

29-80  28-07  2(5-50  25-1  I 
20-30  19-11  18-05 
19-00  17 
15-i>5  i: 
l(>-33  . 


Ri^ference 
Number. 


No. 
G  1 


G 
G 
G 
G 
G 

Cr 

G 
G 
G 
G 


2 

3 
4 
.5 
0 
7 
8 
9 
10 
11 
G  12 
G  13 
G  14 
G  15 
(}  10 
G  17 
G  18 
G  19 
G  20 
G  21 
G  22 
G  23 
G  24 
(i  25 
G  20 
G  27 
G  28 
G  29 
G  30 
G  31 
G  82 
G  83 


Weight!  of  Joists,  see  Table  124» 
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Table  12().— Iron  Joist  Girders:  Estimate? 

(Meastirei 


Factor  ol 


I 

Rpfen-iKre 
Number. 


No. 
I 
2 

4 

5 
<> 
7 

8 

9 
10 
II 
12 
IIS 
U 
15 

k; 

17 

JS 

19 

20 
21 
22 

28 
24 
25 
2i; 
27 
28 


Seetionftl 

Dimensions, 
Depths  Width. 


Incbes. 
22. J  X  12 
X  12 

X  8 

X  H 
X  H 

X  12 
X  12 

X  12 
101  X  12 
lOi  X  10 
X 
X 
X 
X 


20J 
18i 
17 

u; 

14 

Hi 

12.V 


X 
X 


18 
11 

12'  X 
lo.V  X 

Hi 

X 

isi  X 

20 
2(U 
24" 
1(> 
1(> 
I4i 
14 
12 


X 
X 
X 
X 
X 
X 
X 
X 


s 

9 
12 
9 
S 
() 
() 
() 
5 

•'4 

i> 

9 

5 

I 


^•1 


Weight 

per 
Lineal 
Pnot 

Pomuls* 
2^ 
IGO 
100 

I  /  .» 

2n; 

172 
18(» 

no 

so 
180 

5r, 

99 
(18 
;>  / 
44 
85 
81 
78 
50 
70 
S4 
SS 
40 
(17 
54 
42 
GO 


Clear  Span  in  Feet,  or 


10 

Tonii. 
170-6 
1120 

89(; 

1120 
110-0 

9(;-o 
r)i;o 

72-0 
890 
59-0 
25-2 
19/ 

14-  0 
25-0 
80-0 

15-  8 
18-4 
10-7 

8(;-8 

29-4 
45-4 
58-2 
75-8 
2S0 
8S-0 
2S-4 
19M) 
23() 


12 

Tons. 
142-8 

98-2 

88 
102 

91 

80 


5(; 

82 
49 
21 

k; 

88 
21 
24 
15 
12 
9 
80 
24 
87 
48 
<;8 
28 
81 
28 
l(i 
20-0 


14 


Tons. 

1220 

80-  0 
29-4 
79-5 
78-6 
68-5 

47-  0 

48-  0 
27-9 
41-9 
18-2 
14-4 

81-  8 

ism; 

21-7 
14-8 
8-8 
7-8 
2(>-2 
2 10 

82-  4 
87-2 
54- 1 
20-0 
27-1 
20-2 
14-4 
17'5 


1<» 


Tons. 

lOG-8 
70-0 
25-2 

(;9-8 
<;9'0 

59-8 

40-  6 

41-  0 
24-8 
8r)-5 

15-r, 

121 
28-2 
l()-7 
18-7 
12-7 
8-4 
(>-8 
230 
18-2 
28-4 
82-4 
47(; 
17-2 
28-5 
17-8 
12-8 
151 


18 


Tons. 

94-8 
62- 1 
22-5 

(;i-8 
()i-i 

58-2 
8(i-2 
870 

21-r, 

82-5 
18-5 
10-8 
24M> 
14-4 
l()-9 
10-0 
7-8 
G-1 
20-4 
16-3 
25-2 
28^0 
42-5 
151 
211 
'  1 5-8 
111 
13-4 
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IRON  GIRDERS. 


Saf£  Permanent  Distributed  Loads 
Brothers  &  Co.).  i 

Safety,  l-4th. 


t 

Distances  between  Supports, 

. 

Reference 

1  20 

22 

Number. 

24 

2() 

28 

30 

34 

3G 

Tons 

Tons. 

Tons. 

Tuns. 

luns. 



Tons. 

Tons. 

— 
Ttui.s. 

- 

Tons. 



No. 

8r,-4 

77-2 

71-2 

G5-7 

ill  t*  1 

1 !  •  O 

4/4 

1 

55-8 

50-G 

4(;-3 

42-8 

•J  <  •  •  X 

oil 

2 

iy-8 

!  18-3 

l()-8 

1  .')•<; 

1  1*7 

1  !}• 
li5  ;) 

*  •  • 

■  •  • 

•  •  • 

o 

5G0 

.50-4 

4G-2 

42G 

iy  .f  \) 

.ih  ,1 

o  J  4 

*yf\mH 

iO0  ;> 

4 

550 

50-0 

45-8 

42-5 

o.'  o 

•)(>  i 

Q  1 . 

o4  .) 

.iJ  o 

.iO  .) 

5 

48-0 

42-9 

39-G 

37-8 

1 

Jo  1 

J(>  o 

() 

330 

29-7 

27G 

2r,-4 

Z 1  t 

JU  o 

1 

1  y  u 

1  n  U 

7 

340 

30-0 

28-() 

2G-() 

00-<i 

1 

1  o  U 

o 
o 

19-5 

17-7 

16-2 

It)  o 

1    •  o 

1 1 

1  1  4 

1  l'\-Q 

I  U  r> 

9 

29-5 

2G-5 

24-3 

22-5 

1  0>i  t 

1  o  4 

1  1  .i 

1  1  • .  o 

1 0 

■ 

-i2-6 

11-4 

10-5 

9-G 

U»  J. 

o  4 

7«  U 
i  O 

7 '5 

i'  •~ 

>  o  < 

i  1 

9-8 

7r> 

G-8 

G-3 

•  •  • 

»  •  • 

1  o 

1 J 

22-4 

20-0 

18G 

171 

l-t  / 

1  '4. 1 
lo  1 

1  4  \} 

1 4 

lo 

130 

11-8 

10-8 

10-0 

o<i  \ 

O  1) 

U- 1 
o  1 

4  h 

14 

lo  (J 

l.i  / 

1  1  ."5 

y  o 

•  mm 

•  •  • 

I  ;> 

9-4 

8-3 

7G 

7-2 

7-0 

(>-5 

•  •  • 

... 

IG 

6-8 

G-2 

4-() 

4-3 

40 

3-2 

•  •  • 

•  •  • 

17 

5*5 

oM) 

4*5 

4-2 

3-9 

3-0 

•  •  • 

•  •  • 

•  •  • 

18 

18-4 

lG-7 

15-2 

141 

13-2 

12-2 

MG 

10-8 

10-2 

19 

14-7 

13-3 

12-3 

11-3 

10-5 

9-8 

•  »  « 

... 

•  •  • 

20 

22*7 

20-(> 

18-9 

1 7-5 

IGl 

15-0 

14-1 

13-3 

12-G 

21 

2n-(> 

23n 

21-n 

20-0 

18-4 

17-2 

•  •  • 

•  ■  • 

•  •  ■ 

37-6 

341 

31-5 

29G 

27-4 

2.')-2 

3-8 

22-4  , 

21-0 

23 

14-0 

12-3 

11-G 

10-5 

9-8 

8-9 

•  •  • 

•  •  • 

«  •  • 

24 

190 

17-2 

15-7 

14G 

13-5 

12G 

111 

lUo 

25 

14-2 

12-9 

11-7 

10-8 

10-1 

9-5 

S-9 

•  *  • 

7-i> 

2<; 

9-8 

8-7 

8-0 

7-5 

7MI 

6-G 

•  •  ■ 

«    B  • 

27 

11-9 

10-7 

10-0 

9-3 

8-G 

8-0 

«  •  • 

•    •    •  1 

1 

\ 

•  •  « 

28 
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Figs.  83— U.— Skctions  of  (iiudkrs  in  Table  12(;. 


No.l    =T=     Xos.2,22     =f5  Nos 


Nos.4.7 

I  '  - 


No.  5 


No.l)  Nos.H.lK  No.  10 

li  iii 


Nos.  13, 
14 


Nop.  15, 
17, 
IS  -L 


Nos.  20, 
21.  2H,  i 


I 


24.  27, 
2S 


No».  25, 
26 


Table  127.— Angle  Kivetted  Iron  Girders  :  Estimated 
Safe  Permanent  Distributed  Load. 

(McnPiiros  J^rothcrs  k  Co.) 


Rffor- 

Num- 
ber. 

sectional 
Dimensions, 
Doptli  X  Width. 

No. 

TiicIm'S. 

1. 

1>  X 

2 

12  X  1> 

3 

18  X  ir» 

4 

20  X  18 

Rofer- 
ence 
Num- 
ber. 

Seotioufll 
Dimensions, 
Deptlix  Width. 

 .  

No. 

I  lie  lies. 

1 

y  X 

2 
3 

12  X  0 

13  X  in 

4 

20  X  i 

CUoar  Si>an,  or  Distance  between 

rSupiiorts,  iu  Feet. 

10 

12 

14 

U 

18 

20 

Tons. 

Tons. 

- 

Tons. 

tons. 

Tons. 

Tons. 

18 

11 

S 

7 

(r5 

•  •  • 

81) 

.  29 

2r> 

23 

... 

50 
... 

»  •  • 

;  44 
1  ... 

•  •  • 

•  •  « 

35 

8$ 

Weight 
per 
Lineal 
Foot. 

Pounds, 

4r» 

1J2 
154 
224 


1  Weicrht 
l>er 
Lini'al 

Fo(»!. 

Founds, 
4(1 
112 
154 
224 


Clear  S])an,  or  Oistanee  between 
Supports,  iu  Feet. 


22     24    2(>    80    32  34 


Toii.s  Tuns.  Tons.  Tons. 


21  1!> 

•     ■     •  M    •  ' 


27 


07  5S 


Tons. 


54 


Tons, 


30 


Tons 


51 


40 
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j  lUS.  45— 4S.— ,SKCTI0N8  op  QlRDERfl  IN  TABLE  127. 


No.  1 


JL 


No.  2 


Table  128.— Axglks  (Iron). 
(The  Butterlej  Company.) 


No.  4 


Beference 
Number. 

No. 

1 

2 

3 
*4 
*5 

7 

♦9 

*10 
*11 
*12 
♦13 
*14 

ua. 

*17 
♦18 
♦19 
♦20 
♦21 
*22 
*23 
•24 
♦25 
♦26 
♦27 
♦2$ 
♦29 
*30 
♦31 
♦32 
♦33 
♦34 
♦35 


•I 


Sum  of 
the  Sides. 

Inches. 
14 
13i 

TiV 

12i 

I2i 

12 

114 

11 

10  . 

10 

10 

'J 

M 
9 

84 

8i 

8 
8 
8 

74 

74 
7 

7 

61 

64 

6| 

6 
6 
(i 

54 


Sectional 
Dimensioiis. 


H 
S 


Inches. 
7X7 
10  X  3i 
X  3i 
X4.I 
X  4i 
X  « 

X  H 

X  .")  » 
X  3i 
X  4 
X  3 
X  4 
X  5 
X  3i 
X  3 
X  4 
X  4i 


3 

3.V 


3 


X 
X 
X 
X 
X 

X  3] 
X4 
X3 
X3J 
X3 
X  31 
4  X2i 
84X3 
8i  X  H 
4X2 
H  X  2i 

xa 

X2i 


4  1 
4 

44 


»4 


3 


s> 
H 
3 
■I 


Thicknesi. 

Inch, 
f  to  1| 

-/«t  o 
3  only. 

,1  to  1 

if  to 

1  to 
h  to 

2  to 

*  to 
\  to 

i  tn 

*  tu  i 

I!  to  1 

ii  to  J 
i!  to  I 
il  t  o 

?  to 
t  to 

ii  t.,  ^ 

il  to  ^ 

3  to  5 
8  to'  iS 
i  to  I 
t  to  S 
i^to  ^ 
I  to,  5 
^to  ^ 


,5. 


ftto 
A  to 

i  to  i  • 


Weight  per 


Pounds. 
20   to  28 
20   to  213 
1 7i  to  23 
171  to  221 


24 

14} 

17 

13 

ir, 

17 

13J 

12i 


to  27 
to  1  \) 
to  2:)  5 
to  18i 
to  23 
to  1(5 
to  28 
to  24 
to  17 
to  17 


14i  to  21 
10}  to  ](\\ 
10}  tu 
10}  to  U\l 
13.i  Uj  18  ^ 

<Ji  to  151^ 

Oi  to  18.J  : 

yj  to  17 

9   to  12  I 

9  to  141^ 

81  to  131' 

8}  to  13}  j 

61  to  111' 

64  to  Hi 

61  to  12} 

6  to  10^ 

6  to  101: 

7  tolH- 
41  to  84 

T  2 

uiyiu^uL.  Ly  Google 
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-Beferencfl 
Number. 


No. 
*37 

*4() 
*41 
•42 
♦48 
*44 
*45 

*4r» 

♦47 
*48 
♦40 
*50 
♦51 

*r>2 

*54 

lie  **' 


8uin  of 
the  Sides. 


4">(i  j 


liiclief). 

•H 

6 

s 

4i 

-fi 
4 

3i 

31 

H 

H 

3 

2} 

2i 
2 

1} 


Sectional 
Dimensions. 


01 

93 

8 


iDOhes. 
2f  X  2f 

2)x2i 

3X2 
X  21 
X  2 
X  U 
2i  X  2 
2i  X  2J 
2X2 
X  1} 
X  IJ- 

X  li 
li  X  li 
li  x.ii 

X 
X 
X 
J  X 
X 
X 
X 


1 


n 
11 

1 


13 

10 

I 

n 


u 

1 

i 

u 

111 


TliickiiPRS. 

'  lllch. 

i  to  i 
ito  i 
i  to  J 
}  to  8 

3  to 

^  to 
A  to 

ifi  to 

A  to 

-2-  to 

v!.  to 

-a  to 
^  to 
.  to 


Weight  Y<'V 
Li  Ileal  Foot 


3 


i  to 
A  to 
iS  to 
i  to 
A  to 

I 


to 


i 

X 
I 
1 

4 
I 

4 

I 

:i 

Id 


PonndR. 

4  to  7i 
4  to  7i 


3.i  to  6 

3i  to  6i 

2ito  5i 

•  ■  • 

2i  to  4 

2  to  4 

2fto  4 

l}to  3i 

li'to  2f 

1  to  U 
13  oz. 


12  oz. 


In  iron  or  8teei,  others  in  imn  tihij. 

Table  129.— Chaiotels  (iBojir). 

(Tbe  Bntterlcv  Company.) 


I 

Order  i 
Kumber,  j 


Seetional 
Diiuensiona. 


Thick- 
ness of 
Web. 


Average  \ 
Thick-  I 
iiesB  of  j 

Flanges.  I 

Lich. 


Weight  per 
Lineal  J?oot 


t 


f 

f 


•  I 


lu  ii'ua  or  steel   others  lu  lroii3.'.oniy. 


Pouudii. 
40   to  42 
28   to  80 
26  to  28 

21  to  23 

11  to  14 

18  to  19 
11    to  12 

<;  to  i\\ 
nj  to  r» 

17   to  18 
5   to  6 
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.  ®  a 

o  o            X  o  cC'  ~ 
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• 
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KM 

• 

CD 

o 

Thickness. 

• 

C 

E 

^           «|9  - 

y     -tec  <«5»a:  P3s<<f  rj.Tr  Xno:           -itr<  r^cM           r-^cs  i-tcs  'ICS  coiao  cc(x  f-^Oi  nifx> 

\  In  iron  or  steel ; 

Sectional 

1 

s 
o 

CO 
fl 

S  ' 

^  -1 
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to 
.  c 
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Table  130 -:::^TEteg  tI»OyT  t^dmmSffl ' 


o  o 


I      ■  ■  ■ 

O      l>  Ob 


o 


<0  kO      lA  CO  CO 


.  oo 


to 

R 

OS 


a 


•  •  «  « 

•  •  • 


*  * 


o 


&0 


« 

H 


0) 


to 

c3 


03 

2§ 

:  o  « 


**5 


w;  X>  -o»  HN«at«      Hw      H'fwi^      HP»e9N»      H«*H^  -H««l* 

^XXXXXXXXXXXXXXXXXXX 

§)         •  .  ' 


(-> 
O 
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O 


c    5i  o         cc     J':  X 
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«  'T*-  »^  r- 
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 ^ 

1  ' 

Order 
Numbcir« 

a  k 

)yidtU. 



Inches. 
10 

6 

«  6 

Thickness 

Ol*  l>lull. 

•     2  J  to  2| 
8]  to  8| 
21  to  2i 

•  Thickness  of  Web. 

Weight  per 
ifinefli  voob 

1 

2 
ft 

Inch. 

i  to  J      •  ■ 
i  full  to  ^  full 
.i  toj 

Pounds. 
23 

21    to  24 
13i  to  18 

Table  182. — Bulb  Tees  or  Deck  Beams  (^Iron), 


(Web). 


Itiches.  i  !lti6hes^' 


..  ^ 
«i 

■•  «1 
•  6J 

i  6 
6 

5J 

H 

i  6i 

I  H 

I  -61 

I  H 


InCli. 

'  bare 


8 


H 
'Si 

2i 
2i 

.11 

:2 


I 


.  4;  bare 
.,.|  bare 
I  bare 
I  bare 

■  i  bare 
'  j  bare 
"  I  bare 

I  bare' 
J  bare 
i  bare 
i  bare 
i  bare 

■  J. bare 

&' 


•  ■        in  Iron, 

P«)und8. 
:>s  to  f>2 
.-ii3  .to  57 
5()  to.60 
51  to  55 
54  to  r)8 
50  to  54 
'  52  to  56 
4S  to  52 
50  to  54 
4l»  to  50 
45  to  49 
36  to  40 
35  to  39 
32  to  36 

31  to  35 

32  tode 
85  tosa 


.t 


■^1  MlOl 


H     ■       I  Ml  > 


29  to  29 
25  to  28 
31  to  33 
27  to  30 


>^  If 


V 


u. 

r,  ■ 

4  •  I  ^ 


i 
i 


4 


I 

IS 


,  23  jtoS6 
i  .  '  19  to  22 
19  to  22 
16  to  18 
'    '18  to  20 
^      14  to  16 
9tofU 


lu  Ijuu  ui*  biccl ;  t      .site I  «miy ;  the  othei-s  iu  uou  oiily.  ^ 
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MANUFACTURED  METALS. 


Tablb  183. — But/B  'AimLlfe  (IBOK). 

(The  Buttciicy  Coiiipaiiy.)  . 


Oi"dor 
Number. 

Depth 
(Well). 

Width  of    Width  of 
Flange.  {  Bulb. 

1 

Thickness 
of  WeK 

Weight  per 
liiucial  Foot. 

No. 

1 

*3 
♦4 
*5 
♦6 
♦7.  . 

Inches. 
12 

9 

8  _ 
7 

6i 
6 

■ 

Inches. 

H 

1  2i... 

91 

-a 
.2^ 

Inches. 
2i 
2i 

-  1- 

n 

ir, 

.  4I- 



Inch, 
itof 
fttol 

4toi 

J  to  J 
.  ^  

Ponndg. 
33  to 
2^  to  .31 

19  to  22 
16  to  20 

41 

*  lu  iron  or  steel  i  other  in  iron  only.. 
.  Table  134.— Space  or  Z  Angles  (Ikon), 

(Tho  T? ntto T'lcy  ComprtTiy.") 


1  Order 

Deptli 

Width  of 

1  Number. 

of  Web. 

f 

Flanges. 

No. 

Inches. 

Inches. 

1 

10 

Si  MtLd  Si  1 

2 

9 

3  MfidS 

S 

a 

o 

3  aftd2i 

5 

4 

di^aiidS 

# 

.  4 

2i  and  2} 

7 

■  8 

3  «nd2| 

8  ' 

3  1 

2i  and  2^ 

9 

2i  and  2^ 

10 

•    2i  i 

2i  and  2i  I 

Tliickness. 


Weight  per 
Lineal  Foot. 


Inch. 

f  toi 
|toi 

f  tofa 

ft  to  I 
♦  to* 

r 


'  Poundii. 

r  24  to  SI 


I 


15  to  20 

16  to  20 
12^  to  20 
11  to  14 
11  to  15 

9  to  12 
10  to  14 
9  to  12 
if  I 


Can  be  rolled  in  iro4  steel.  . 
.  Table  laQ*— *Z  Anol^s  (Stbel). 


(Dorman,  Long,  &;-Co.) 

Pepth  and  Thickness 
(Web). 

Width  land  TbIckdtaB  of 
Flanges.  ' 

.  Indies.  Incli. 

X  h  i.  J 
^■>.^  X  jj.  d,  1 

4    X  ^.  H 

Inches.  Inch. 
31  and  3    X  i,  i,  { 
2f  and  2|  X  f 

3   and  2.^  X  hi  j| 
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I 


Table:  136.— Z  Angles  (Steel). 
(DormaHf  hongy  &  Co.) 


Sectional 
Dimensions. 


Thickness. 


Sectiunal 
Dimensions. 


Thickness. 


Equal  Sided. 

Unequal  Sided. 

Inches. 

Inch. 

Inches. 

Inch. 

IncheH. 

8 

X  8 

h  i,  1 

10  X 

() 

3    k  1 

16'  8J  ^ 

.> 

X  8  a 

le?  Sa'  * 

6 

X  6 

i>  f,  1 

8  X 

^} 

1     ?  1 

.") 

X  8 

A.  IL  1 
IS>  sa'  4 

H 

X  51 

h  1, 1 

7  X 

4 

7     21  .7. 
10?  32'  A 

X  4 

5 

X  5 

7  X 

8 

,1     11  3 
3'  10'  4 

•fi 

X  8i 

8?    8'  8 

X  4f 

i,  |.  i 

OA  X 

4:' 

7  111 

10?  10' 

4i 

X  8 

5     17  4 
10'  S2'  4 

X  4i 

O  '         O  7  O 

X 

4 

7     A  Ki 
lo'   "  ■  If* 

4 

X  8i 

i    ^  I 

8?    8'  ft 

X  4 

10?  2>  I© 

(H  X 

3 

i  ^  -T 

ft?  10'  4 

4 

X  8 

5     17  3 
16'  32'  4 

H 

X  H 

10»  1»  f 

n  X 

7  111 
16'  16'  ^ 

H » 

2 

X  3 

r        1  11 

it        1  14 

10'  2'  10 

3i 

X  3i 

A    1  S 
10>  2t  4 

i\  X 

4 

i?    H'  i 

X  2i 

w'  ii'  i 

8 

X  3 

1     7  11 
4»  KP  10 

«  X 

3i 

«?    h  i 

3 

X  2J 

JL    15.  H 
4?  32'  10 

2f 

X  2f 

6  X 

3 

«?  10?  ^ 

3 

X  2i 

2i 

X  21 

5J  X 

4 

.ail 

fi  ?     H  ^  « 

3 

X  2 

i"?  1^ 

X  21 

141 

5i  X 

3i 

3    12  13 

8?  3a?  10 

3    »  ^ 

8'  10'  4 

-2 

X  2 

151 

4?   8'  2 

2 

X  ^ 

lS»  ^ 

X 

3 

2 

X  li 

X  1| 

3  9 
10'  S2'  fl 

5  X 

4 

14 

X  li 

1     7  5 

fl'  l(i 

U 

xu 

J     7  5 
H'  .12'  10 

1 

X  1 

- 

1 

Table  137.— Tees  (Steel). 
.(Porman,  Long,  jfic  Ck).) 


Width  of 
Flange. 


Depth 
(Web). 


Inches. 

e 

5 
4 
4 
4 
4 

3i 


Inches. 

3 
3 

4 

3i 
3 

3 


Thickness. 


Inch, 


i 


I 

2 

7 


» 1^  i 
i 


I 

y 

8' 


i 

1 
2 


I'  ^ 

8?  4 


Widtli  of 
Flange. 


Depth 
(Web). 


Thickness. 


Inches.  '  Inches. 


3 
3 

2 

2 

u 


3 

24 
24 
2 

14 

2 

14 


Inch. 

i,i 
i-  i 

h  hi 

i.  A  11 
4?  ift?  « 

i.  A.  i 


Digitized  by  (3^gle 


383 


Table  1H8.— Channbls  (Steel). 
(Dorman.  Lon^,  &  Co.)  . 


Refer- 

CI  I  l"n 

ber. 

Sectional 
Dinien- 

* 

^5e(•- 
tional 
Arett, 

Refer- 
ence 

her. 

No. 



Inches. 

In  ell. 

•  -   

No. 

C  12 

12  X^ 

10 

C  6 

'C  12 

12  X  8i 

V. 

8:1 

C6 

c  u 

10  X  H 

l>-15 

CIJ 

10  X  8 

•J"  . 

1  7-1 

C  6 

C  10 

9x3 

V 

5-47 

J. i-ii  k 

C  4 

C  10 

9X3 

b 

h 

C  4 

C  9 

9  X  24 

C  9 

9X2| 

•  * 

6-96 

C  8 

7X8 

t;2 

C;  8 

7X8 

'*  5-71 

C2 

C  7 

«  X  8J 

1. 

7-n 

C  1 

C  7 

6x3i 

i 

|-7-8 

.C  1 

ons. 


Iliches. 
i^X  2} 

;!^*ix2} 

5i:X  21 
H.  X  2* 
4^^X2' 
4i^X  1| 

4  1X3 
4:x3  ' 
8ijX  li- 

3ixH^ 

I 


Tabli:  l8{h-^HuLB  Bars  (Stkbl). 


* 


Length. 

Thickness. 

|-  Length. 

Thickness. 

Length, 

Xhickness. 

Inches. 
•  12 

-  w  • 

lOi 
10 

n 

Inrli. 

7      A  .1 

ill'  «•  4 

.  —7      17  * 

10'  :v2'  H 

7      17  .f> 

io>  Tvi»  8 

7      17  A 

10'  ivJ''  « 

7     17  A 

itt>  3a>  8 

1  Ilifln'S. 
1» 

8i 

Incli. 

7     17  A 

'id*  n-i*  '8 
r    17  * 
id'  :ri*  « 
-     17  A 
10*  :v^*  « 

Inches. 

H 

7i  

7 

■  11' 

Inchi  ' 

—  a    X  * 

« J    2 !  8 

q   1  A 

8  r    -2  ?  8 

Jk   .13  1 
10'  32'  i 
5     13  1 
IS'  3*2'  2 

Table  140.—- li.VLB  Angles  (Stbbl). 
(Domaiiy  I|Ong,  Co.) 

Depth 
<Web). 

flange. 

Thickness. 

Depth 
(Web). 

Plaiige: 

Thickposs. 

Inches. 
8 

74 
7 

Implies. 
8 

8 
8 

Tncli. 
7    i»  n 
10'  Iti*  10 

7      P     1 1 

io»  id»  lo 

7      P     1 1 

Id'  i3'  iii 
7  oil 
10*  10'  ui 

7      W  11 

111'  id*  ui 

Indies. 

(; 

8" 

9  1 
-4 

-  1 

JnelieR, 

8  ' 
8  . 

!•! 

Ineh. 

•A      I  & 
8'    2»    8  ' 

y.  15  3  . 

10'  32'  8  . 

\  n  A  . 

2>  3*2'  l3 

f*  16 

-I    il     T  • 

1  *  H-j'  Id 
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28a 


a, 
W 

m 


•J 


G 

o 

<^ 

o 
a 

o 


t'4 

O 

o 

a 

O 


'3 


a: 


<0' 

o 

-4-> 


»c         O  CO  <M  O  OS, ' . 

05  <M  X)  cc  C!     »a  O  c:  00 

g  I-  iJ:  r*^        (M  O        -t-  O  : 
» J  »      ^     «  « — « 


[is 


as  »S 
o 


<M  ^  »C  CC  (M  X) 

cc  C:  c;  >i5  »-H      iC  -H 


hi 
o 

fa 


'M  >^  I*:  CO  cc 

O  C-l  -ti  'Tf 

pc  ir*  o  «s 


rrt  ;o  f-t  >lO 
•*4      rH  »-« 


CO  w 


§ 


•r:  ci'c^  os•t<i• 
^  O  O  €0 , 

o  i>     00  2 

O  aC  O  to  O  * 
1— )>-(•— 1 1-»  W 


t  - 


s J*:  I-  r;  o  w;i 
S  ift  ^  »c  cc  CO  o  «c 
5  fH       pH  9>|  i-i 


93 


'X      -ti  GO  :0 

n  I  -  -H  'M  o 
-M  SC  lO  so 


1-  • 

•-5  . 

.o 


.s 


O 
1-4 


00  -X'  oc  00  CO  OD  X.     a:-     cd-  'Xj 

t^«-^'N«OpH'MSOf-t(MCOCiC^(M 


o  — 


|xxx  xx^xx><:xx.x 

M(  Ma  Ml  M  iPA  «A  _>U  ^4 


c*ii  e<i  ««4  ce  «&  eo 


Id 


1." 


S»5 


c-OOOOOOOOQOOO 
^ooaOGOoooooooocooOot)  oo'  00 

•  O  O  C  O  O  O  C5  C25  OC&O  C5 
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J:>crew. 


Head  iuid  Nut,  Plexagonal. 


DiaiiH'tor  i 
of  Bolt 
and  Screw. 


Inches. 
4 


Diniiietcr 
at  Bottom 


Threads 
^er  Inch. 


of  Tlireatl. 
InQheai.  Threads. 


Thickness 
of  Head. 


.0 


3 

-  K 

')! 
-*  H 

9-1 

-  I 

9  3 

-  4 

9^ 
9  5 

2' 
•» 

2i 


♦  ^  • 


•  • » 
• 

« *  • 

•  •  • 


Thickness 
of  Niit 


Inohes. 


•  •  • 


Table  144. — Sellers  or  Franklin  Institute  STANDABb 
\  Screw  Bolts  a^^d  Nuts.  ' 

ThreadJt  triatigular  in  ni^etion  ;  heads  and  nvtn  hexagoiial^ 


1 

99 

Width  of 

t 

Dia- 

Bia-  - 

Width  of  1 

• 

Tnoter  1 

meter  at 

Flat  Sum- 

Til reads 

met<»r 

moterat 

Flat  S\mi- 

Til  reads 

of  JJolt  ' 

Bottom 

mits  and 

per 

of  Bolt 

Bottom 

mits  and 

per 

and.  1 

of 

Base  of 

llich. 

and 

of 

.  Base  of 

Inch. 

screw.  1 

Threads 

Thread. 

• 

Screw. 

Thread.^ 

1 

Thread. 

• 

Inches. 

Inches. 

Inch. 

Tlire'ds. 

Inches. 

Inches. 

Inch. 

Thre'di. 

i 

•185 

•oor>2 

•20 

2 

1712 

•0277 

1(1 

i 

•240 

•0074 

18 

1^962 

•0277 

^ 

•294 

•0(I7S 

1(> 

H 

2^176 

•0812 

4 

7 

Hi 

i 

•844 

•oosn 

14 

2-42() 

•0812 

4 

•400 

•009(i 

18 

8 

2-(;2i> 

•0857 

8.V 

i 

•454 

•0104 

12 

2-879 

•0857 

8i 

•507 

•0118 

11 

3i 

8-100 

•0384 

•n 

•('.20 

•0125 

10 

8| 

3-817 

•0418 

8 

7 

H 

•781 

•0188 

9 

4 

3^5(>7 

•0413 

3 

1 

•887 

-015(5 

8 

3-798 

•0435 

2i 

u 

•940 

-0178 

t 

4-028 

•0454 

2f 

H 

l-0()5 

•0178 

'7 

4^ 

*4 

4-25(; 

•o47(; 

28 

i| 

MOO 

•0208 

r> 

o 

4-480 

•0500 

2i 

H 

1-284 

•0208 

i  (i 

•H 

4-780 

•0500 

24 

H 

1-889 

'  -0227 

H 

.> 

H 

4-958 

•052() 

2f 

If 

j  1-491 

!  ^0250 

oi 

5-208 

1  •052() 

2i 

U 

1  I-OIC) 

'    -02 50 

5 

5-428 

•0555 

9X 

I 


JTvte  1. — The  breadth  of  heads  and  nuts,  across  the  flats,  is 
equal  to  1 J  diameters  +     inch.  ** 
ITote  2. — ^The  thicknesses  of  the  head  and  the  nut  are  equal 
Nio  1  diameter  -  ^  inch. 

Digitized  by  Gopglel 


mt/TH  AND  KITTR.  287 

Table  14.'. — Wthtwohth's  standatu)  pitches  of 


r 


THREAD 

FOR  ScKKWKi)  Ikon  I'iping. 

Diaiue 

1 

er. 

per  Inch. 

: !  ' 
Diamete 

1 

Threads 
per  lucli. 

Diameter. 

Tlirc'.'Kls 
per  Inch.  ^ 

•'  Inch( 

1 

i 
1 

*  1  . 

I' 

Threads:  I 

!  19 
19 

Inches 

:  *  i 

"4 

1 

,  Threads, 

14 
11 
11 

Inches. 

.  H 
If 

2 

above  3 

1  •  *  , 

Threads. 
11 
11 
11 

Mil-!/ 

t  - . 


iTABLH  146.— Fbench  Standard  Bolts  A^^>l  Nuts -wit:  i 


1 


HEXAGONAL  \ HfiADS  AND  NUTS. 

(Annengaud). 

1.  TiMAXHT'LAL'  TiiiM:An  T K< [ ni hi f < 1  TrinTi'j-loy 


Screw. 


4- 


Diameter  of  Bolt 
'  aridi^crtw. 


i 


;  Dia- 

t  Bottom 
I  of 
,  Thread. 


Millimetres. 
5 

<  .> 

10 

i2-:> 

15 

i7-r> 

20 

15  - 


Inches.  Inches. 


K  . 
7m 


2.5 

30 
35 
40 
45 
50 
55 
(JO 
(in 


70 
'  75 


80 


•20 
•30 

•:\[) 
•4i» 

•5!) 
•f>9 
•7«J 

•ai) 

MS 
1-38 
1-5S 
1-77 

1-  97 
217 

2-  3() 
2-5(» 
2-7(; 
2-95 
815 


•13 

•31 
•3'.) 
•IS 
•58 
,  •()(> 

•84 
1'02 

l-5(; 
1-74 

1-  92 
2^08 

2-  2G 
2-44 
2-60 
2-78 


Number 

J  of 
Thiva.ls 
DQX  Inch. 

Threads. 
ls-1 

!  1«J 
I  ll-l 
12-7 
11-5 
lt)^»> 

D-s 
8^5 

I  .) 

(;-7 

(rO 
5*5 
5-1 
4-7 
4-4 
4-1 
3-s 
8-5 
3-4 


.L. 


Uead  and  Niit. 


Thick-  Thick- 
ness of    lU'SS  of 

Head.  (  Nut, 


Breadth 
across 

the 
Flats. 


liicnrs. 

Inches, 

Indies. 

Ll)s. 

•2  1  1 

•20 

•55 

14 

•'M)  ' 

•30  ; 

•(is 

99 

•38  ' 

•ss 

17S 

•11 

•li)  , 

Mi4 

277 

•52 

•59  ' 

1-20 

4<MI 

•58 

•H9  ' 

r4<) 

545 

•r»(; 

•79 

1-50 

713 

.-.72.  . 

•^9 

-Uii6 

902 

Tons. 

•SO 

•9^ 

1-sl 

•50 

•in 

1-lS 

2-i(; 

•73 

I -OS 

1-3S 

2- 18 

•99 

1^22 

1-5S 

2'8() 

l-3n 

l-3d 

1-77 

3^21 ) 

Im;4 

I  ■50 

1-97 

'  3^11 

2-03 

MU 

•  >.  1  " 

:^7t; 

2-45 

V7^ 

1  2-3(; 

'  4-OS 

2-92 

1-1»2 

.  2'5(; 

1  4-40 

3^42 

2-0(> 

2-7G 

4^70 

397 

2-20 

,  2-95 

5-00 

45<; 

234 

1  3-15 

1  5*35 

512 

Work- 
ing' 
Tensile 
{Stress. 


Google 
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Table  140.— French  Standard  Bolts  and  Nuts  (eon.), 

2.  Square  Thread, 


Screw. 


Diamet<*r-  of  Bolt 
ami  Screw. 


Millimetres. 
20 

25 
30 
35 
40 
45 
50 

Hi) 

(>0 
()5 
n  70 
75 

<so 

85 
iK> 
05 
100 
105 
110 
115 
120 


Inches. 
•70 
•08 
118 
1-38 
1-57 
1-77 

1-  97 

2-  17 
2-3(; 
2-5() 
2*7() 

2-  05 

3-  1 5 
3-35 
3-54 

3-  74 
304 
41 3 

4-  33 
4-53 
4-72 


Depth 

of 
ThieAtl. 


Inches. 
•072 
•081 
•093 
•10 
•10(> 
•114 
•128 
•13 
•14 
•15 
•158 
'liUj 
•174 
•183 
•102 
•20(» 
•200 
•220 
•22() 
•230 
•234 


Number 
of 

Threads 
per  hu'li. 


Threads. 
6-57 
5-97 
5-40 
4-93 
4-53 
4-20 
3-91 
3-65 
343 
3-23 
3-00 
2-92 
2  70 
2-G3 
2-51 
2-41 
2-31 
2-22 
213 
2-0« 
2-00 


Head  and  Nut. 


Tliick- 
iiess  of 
Head. 


Inches. 


Thick- 
ness of 
Nut 


Inches. 

1-  82 
201 

2-  22 
2-41 

2 -  (13 
2^85 
307 
3^30 

3-  50 
3-70 

3-  92 
413 
4'3i; 

4-  58 
4^78 

5-  00 
5-22 
5-43 
5^(»(> 
5-87 
()-08 


Breadth 
across 

the 
Flats. 

Inches. 


Work-i 

ing 
Tensile 
Stress. 


Tons. 

•32 
•51 
•78 

•99 
130 

1-  64 
203 

2-  45 

2-  92 

3-  42 

3-  97 

4-  5(> 

5-  18 
5-8r> 

(;-5G 

7-  30 

8-  10  i 
893  1 

9-  80  I 
10*71 
11-60 


Tat>le  147. — Iron  Washers. 


Diameters. 

Thick- 
ness. 

Number 

Diameters. 

Thick- 
nes.s. 

Number 

Washer. 

Bolt 
Hoi.-,. 

per 
Pound. 

Washer. 

'  Bolt 
'  Hole. 

per 
Pound. 

Inches. 

Inoh'-s. 

IJ.W.G. 

WasluMN. 

Iiicht'S. 

Inches. 

B.W.G. 

Washers. 

1 

18 

543 

10 

10 

170 

1 

22^ 

2 

1.1 

10 

10 

10-7 

f 

v 

i<; 

147 

h 

10 

9 

8-7 

* 

I 

f 

Ui 

123 

If. 

9 

6-3 

7 

lij 

14 

70-0 

-4 

9 

4-7 

H 

i 

14 

50-0 

3 

If. 

9 

3-7 

1! 

12 

30-0 

H 

li 

9 

30 

n 

■  i 

12 

25-7 

liOLTS  AND  NUTS. 


289 


Ta]^lb  U^.^vriAmAw  or  loey  Hbxaookal  H:bad  bolts 

AND  Nuts. 


Length 
under 

Di<ameter  of  Bolts. 

1 

1 

ETearl 

\  in. 

1  in. 

J  ill. 

'  \  in- 

}  in. 

I  in. 

1  in. 

^  iQCbes. 

T  I 

Lbs. 

Lbs. 

Lbs. 

*  Lbs. 

Lbs. 

Lbs. 

Lbs. 

7i 

\iS% 

:  m 

•  •  • 

•  •  • 

p  •  * 

IX 

H 

m 

;  29} 

•  •  • 

•  «  • 

.  •  • 

i»i 

'  31f 

... 

•  «  • 

... 

-If 

lat 

34i 

... 

'J' 
115 

•  • . 

9 

,  It 

Hi 

m 

3t)i 

58 

159 

9X 

6 

-'li 

39} 

(il.J 

IITJ 

164 

13i 

23J 

41J 

65 

1^0 

J69 

.  5f 

14 

24f 

44} 

68i 

122i 

174 

.  •? 

15 

261 

.  4Gi 

73 

125 

179 

4* 

291 : 

*  78 

133 

189 

i 

7| 

18J 

32f  ; 

56} 

84 

.:i4i 

199 

8 

20| 

.85i 
38i 

60} 

64J 

891 

149 

209 

ft 

22 

95 

137 

219 

68f 

100.1 

1(55 

230 

10  • 

72f 

lOH  - 

173 

241 

I  ■ 

lit 

28 1 

50} 

80| 

118 

189 

203 

12  J 

5I!0 

88J 

L^l 

205 

285 

9 

1  -i' 

<i2i 

or;  J 

144 

221 

.307 

10 

15* 

«8} 

1041 

158 

237 

320 

11 

412 

71i 

173 

253... 

.351 

VI 

,i«4 .., 

— u 

80i  , 

mi  1 

188 

269 

372 

Tablb  l49.-^WBiaHi?s 


OP  100  SQUABB-Hl&At) 
NlTTS. 


BdLXS  AiTD 


ngtli 

under 


Iiicbeti. 
1 


li 

2} 
f  — 


 _-4-  ■• 

}  in,.,  f  ip.  j 


Diameter  of  Boltd. 


Lbs. 

3i 

3r 

0 

5| 


Lb^. 
|> 

1(1 

114 
12ti 

X4i 


i 

|in. 

1  in. 

Lbs. 

Lbs. 

Lbii. 

Lbs. 

Lbs. 

20 

32 

... 

*  •  • 

.... 

21 

34i 

... 

•  •  • 

... 

22 

37 

... 

•  •  • 

.  *  • 

23 

30i 

• » . 

•  •  • 

. .  • 

24 

42 

70 

130 

180 

25i 

44J 

73J 

I32i 

185 

27  1 

^7 

77 

135 

190 

TABIiE  J,49.~WEIGHT  of  100  SQUABS-BKAD  BOL^TS  A^B  : 

NUTS  (emtimwd). 


■ 

• 

under 

Diameter  of  Bolts. 

i 
f 

 !  : 

4-  in. 

#  in 

iin.  . 

1  m, 

\  in. 

i  in. 

1  in. 

Indies. 

Lbs. 

jLbs. 
15  J 

Xbs. 

Lb'^. 

Lbs. 

Lbs. 

Lbs. 

2} 

Ou  1 

.■2iSi 

1(11 
4l»i 

187i 

1 1»5 

3 

](>! 

cS-t 

140 

200 

H 

uu 

i 

Ol)  .J 

148 

210 

4 

20 

,  on 

oi 

151) 

220 

<  4i 

o 

on 
oy 

(i5i. 

1  n  1  1 

K54 

280 

0 

2Hi 

in? 

172 

240 

6i 

45 

74 

=  1121 

180 

251 

lot 

20^ 

48 

78 

lis 

188 

2(»2 

7 

Hi 

29i 

54 

86 

180 

204 

284 

8 

13i 

33 

no 

'  94 

1  .148 

2^0 

30() 

i> 

Ui 

3(> 

m 

102 

151) 

23() 

328 

10 

Ifi 

40 

72 

1  110 

1  118 

170 

2il2 
268 

350 

.11 

17} 

48 

78 

185 

'  372 

12 

18i 

46 

i  127 

200 

2^4 
t 

398 

I    Table  150.-- Weight  and  Tensilk  str^ing^th  of 

j  OjUDiXARY  liiON  Bolts.      '  . 

I  -         (Ohapumn.)  •  ! 


Ends  Enlarged,  or  Upset» 

Ends  not  ^Enlarged, 

Diameter 
of  Shank.* 

Weight 

per  Linjeal 
Foot;. 

Breaking 
Stivsa.'. 

Breaking 
8tre«8« 

t     '  _ 

-'-IVmhwIh. 
549 
1,289 
2,202 
3,427 
4,950 
i720 
8,803 
11,133  . 
1S,754  * 
16,621 
19,779 
2&»296 

Diameter     Weight  iter 
of  bhaiik.  .  Lineal  Foot. 

lnch«ek— ' 

* 

Itl 

i 

f 

w 

i 

■I 

•0414  , 

•093 

•105 

•258 

•372 

•506 

•6:11 

•837 
1^03 
V25 

.  1'75  • 

Ton».  - 
,  -245 
•553 
•983 
1-53 
221 

•  8^od.' 

8-93 
4-97 

6-  14. 

7-  42 

8*89 
10-4 

IiiclieSi'-  ;  -Povmd.s. 

!  5 

•  •  •                    *                •  •  • 

1 

•  •  •                  ^              ■  •  • 

•35      1  -321 
•43     1  -452 
•60  ,  '654 
•58'  -897 
•66  1-14 
,     73  141 
,     -80 .  1-67 
•88     {  2-08 
•96  2-41 
1-04  2-81 

• 

Digitized  by  Google 
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Table  150.— -Weight  and  Stmitoth  of  Iron  Bolt3  (eon.:^ 


1=  

i 

iDuimeter 

Weight 
per  jjincai 
-  'Foot. 

BreJiking 

T  I  Jri  ^■^A  ^4  ill* 

1 

Stress. 

Stress. 

of  Shaiik. 

Lineal  Foot. 

<  Inclics. 

Pounds. 

JL  OUIKIS. 

Iti  /'•Ik  t-ko 

1  IlL  lluS. 

i  i)UIlClS. 

i  * 

2  08 

1  120 

26  880 

1-12 

X    X  ^ 

8-26 

2-88 

18-S 

80  012 

1-20 

8-77 

.'  1 

10 

2ii5 

15-7 

85  108 
87  682 

1*27 

X  1 

4**27 

2-99 

l(r8 

1-85 

4-77 

u 

8-85 

18-9 

4'^  886 

1-42 

X        A  W 

5*28 

1  3 

8-78 

211 

47  264 

1-49 

5*81 

10 

418 

28-8 

52  1 92 

1 

4-r>() 

57  568 

1-64 

7*04 

IS 

r)-oo 

28-2 

68  1()8 

1  '72 

7-7-i 

J& 

5-47 

80*8 

68  992 

1*80 

A'4.S 

li 

5-95 

88() 

75  2(;4 

1-87 

X    V'  1 

<)»2() 

()-4<> 

36*4 

81  586 

1*94 

•  1« 

0-99 

89*4 

88,256 

2*00 

1 0*6 

lii 

7n>3 

42*5 

95  *>00 

2*07 

If 

810 

45'7 

102.868 

2-14 

■  ■  J« 

8*69 

49*0 

109  760 

•  U 

lU 

9-30 

52*5 

mr  mm  V 

117  600 

2-80 

9^3 

56*0 

125  440 

2*38 

!  '2 

'  H 

10-a 

59*7 

11^3.728 
142.912 

2*45 

120 

63*8 

2'ftQ 

13-4 

71*6 

160.384 

178L528 

2*73 

:  2i 

14^9 

79*7*  ' 

2*ft8 

16-5 

rslSr4f 

1^8.011? 

3*02 

23*9 

1  n 

18-2 

97*4 

218.176 

3*16 

JL 

2|. 

20-0 

106*9 

239.456  T 

3*30 

28*5 

!  2r 

•  21-9 

116'8 

261  632 

3*45 

31*1 

•  3 

28-8 

127*2 

284.928 

3-60 

33*0 

.  3} 

27-9 

141-0 

315.840 

3*86 

^9*1 

82-4 

lOSC) 

866.464 

4*12 

44*4 

H 

87-2  I 

187*7 

420.448 

4*41 

51*0 

U  X  V 

t 

42-8  ' 

218-n 

478  464 

4*70 

n7*8 

47-8  ' 

227*0 

508  480 

4*98 

fi:V2 

■  i 

580 

2.*4-r> 

570,080 

5-25 

7*2-9 

1  1 

59-7  i 

288-5 

635  040 

5*5.^ 

8rs 

814-2 

7Q8,808 

5-80 

88  I 

'  72-9  I 

824-7 

727,828 

(;-08  ! 

97*0 

i  H 

80-0  1 

850-4  ! 

798.336 

6-8(; 

106 

'  87-5 

889-5 

872,480 

6-63 

111) 

•  '6 

95*2 

4241 

949,984 

6*90 

126 

Digitized  by  Google 
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TABIiB  151.>-NAIL8,  Ikon  OB  8TSEL  :  BjZES  ANJ» 


1 

• 

r 

Weight 

Desetiption, 

ength.  1 

Weight 

Description. 

r- 

l>er 

per 

1,000. 

r  

1,000. 

til 

Lb. 

Oz. 

In. 

T  K 
LiD. 

V./Z. 

Snike.  die  heads,  i 

li 

J 
1 

( 1 

Clasp,  ti  lie,  w  rough  1|3 

11 

0 

1     fl  Q  t"     I  k  <  k  1  n  i*.  c  < 

1       1 1  <t  L       j[J  U  i  ii  U  D}  ^ 

2' 

1 

«« 

4 

•  » 

0 

.       iiT     ki  1  f  r  n  r  1 

1    wruu^Xit    •    M  \ 

^2 

1 9 

s 

(? 

Clasp,  tine,  cut .  . 

,"> 

V 

<> 

1    •  " 

•> 

1  9 

.>  1 

10 

0 

"a 

1 

g 

.i 

Ifi 

0 

4 

Clasp,  stioug    .  . 

If 

7 

0 

*• 

s 

• «                     »  • 

1 

H 

10 

0 

X  *  '  *  ' 

«•                     •  • 

12 

u 

•  * 

i 
f 

1  F 

•  •                      •  • 

2} 

U 

0 

iR  t"v  1     <i     <  r  i  n  u  T  f>  i 

j  h  e  a  d ,      fl  a  t  • 

1; 

I  I 

20 

0 

7 

1 

OS 

25 

0 

Dointfi  wroiiffht  f 

IT 

1  9 

1 

as 

3f 

32 

0 

0 

4 

40 

0 

lu 

707 

Q 

CUout,  ouuiiter- 

1 

4  12 

J  V 

12 

^  mm 

ft 

sunk,    fine. <  < 
wrought  .      .  ( 

1  1 

H 

0 

«iv  V  9  Of      D  II  a  X  u  ( 

Doints.wroufirht  i 

1 

2 

2 

19 

0 

3 

44 

0 

11.0$;^     fine    flnt  i 

u 

*  4 

Clout,  counter-  i 
sunk,    strong.  < 
wrought  .      .  ! 

H 

14 

8 

1  I 

4 

V 

2 

25 

8 

2 

7 

1  ^ 

2i 

48 

8 

{  CliUBKS}      UIIC      UlvV  1 

£.2 

lit 
10 

3i 

82 

0 

AC 

1  ^ 

Clout,     strong,  | 
wrought  .      .  j 

i 

2 

U 

»» 

3i 

40 

11 

V 

1 

8 

0 

>• 

1* 

X 

"* 

4. 

•> 

U 

i> 

0 

» 

74 

s 

■ 

•to 

7 

0 

,) 

•'2 

c> 

9 

13 

0 

]{n.«!p     finft    t\:ii  ( 

1 

Ik 

I)rads,iliie,billud,  ( 

0 

4 

*  •» 

/-x 
•  1 

1) 

wrought  .      • )  1 

0 

10 

2' 

1 

1 1 

1 

1 

(I 

-5 

11 

0 

1 

8 

25 

0 

•  : 

14 

2 
3 

8 

2 

7 

u 

u 

0 

WTonirhf.  ) 

•>i 
-  -J 

12 

2 

4 

0 

( 'laspyfiiie,wroaght 

1 

] 

s 

Bnid8,fi}ie>hilled,  L 

1 

0 

*9 

2 

0 

cut  .      .  .1 

i 

0 

?l 

3 

0 

5* 

1 

1 

0 

15 

4 

0 

• 

U 

1 

8 

2 

5 

(J 

14 

2 

0 

2i 

;  7 

0 

2 

3 

.  4 
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Table  151.— Nails,  Iron  or  Steel:  Sizes  and 
W BIGHTS  (^oimdnned'). 


\ 


In. 

Brads,  flooringy  cut  2| 

H 

Brads,  moulder*s,  |  3. J 
fine,  cut  .  .14 


Tacks,  flat  head,  \  I 
wrought  .      •  (  I  i 


Tacks,  round  /  j  * 
head,  wrono^ht  j  ! 

TackSjtinnedjfiat  |  i  i 
head,  wrought . |  j  J 


Tacks. moulding,  j  ^2^ 
wrought  .       .  I  3  I 

Tack8,  flat  head,  |  Jl 
cut  .      .      •  (  ,  i| 

Cooper'8   flat,  (  f 


Lb.  Oz. 

10  0 

15  0 

20  0 

10  8 

12  18 

15  4 

17  10 

0  5 

0  8 

0  14 

\  4 

0  5i 

0  \) 

0 

19  12 

32  4 

54  0 
0 

0  8i 

0  12 

1  8 
d  4 
3  4 


4.^ 

Weight 

UMcnption. 

0) 

per 

1  i_3 
J_ 

1,000.  1 

• .  ■ 

f 

In. 

Lb. 

Oz, 

Dog,      cou Liter-  | 

2J 

\ 

sunk,  wrought  j 

27 

12 

« « 

39 

8 

Tenter  hooks  '. 

{\ 

0 

Mop.    ca\dker's,  \ 

62 

0 

wrought  .       .  i 

17 

125 

Slating, wrought,  ) 

1 

19 

galvanised  .    .  f  |  j  " 

Scupper,  wrought  .j  i  4 

Koofiiio:     rivets.  ^  ;  I 

wrought    with  I  i  i|  .. 

burrs,    gal  van-  .. 

ised,  j  in.  diam.  j  '  ' 

.  i 

.  1 
.•2  i 


0 
4 
4 


( I  liiziers'  sprigs  . 
ITorse  shoe  . 


•? 


0  i 
0  14 
5  8) 

7  Of 

8  8 


.=2|   10  U 

2i!  11  0 

.r2fl  13  8' 

r  art  wheel  tyre    .i3J  187  8 


4  218  12 

'  1 


Table  152. — Galvanised  Wrought  Iron  Cylindrical 

OlSTEUNS. 

(Gospel  Oak  Compaay.) 


Height. 

Ca|ia('ity 

\  : 

Diameter,  j  Heiglit. 

Gallous. 

m 

O 

10 
15 
20 
30 

Inches. 
11 

14 
16 

I  18 

Inches. 

17i 

21 

22 

24 

30 
- 

Gallons. 
40 

50 
60 
80 

100  ^ 

Inches. 
21 
23 
25 
27 
28 

Inches. 

33 

35  ; 

86 
42 

"  1 

Digitized  by  Google 


Table  154. — Cast  Iron  Cylinders  Q*ovHnm'd'). 


Inch 

AS 

51 
54 
57 
00 
63 
G() 
69 
72 
75 
78 
81 
84 
87 
DO 

96 
99 
102 
105 
1 08 
111 
114 
117 
120 


ft 
» 


Cwts. 
2-6i) 


2  c 


4 


i 


Cwts. 

3-21 
40 

'^60 
3-80 


2-  99 
3*15 
8-32  400 

3-  4sj4-19 
8()4j4-39 
8-8l|4-59 

3-  97i4-78 

4-  14i4-98 
4-30  .-vis 

4-46i5-38 
4-63|5-57 
4-795-77 

4-  965-97 

5-  12(;-17 
5-2Si;-3il 
5'4.">  <)*56 
5-61  l)-76 
5-78l>-95 

5-  947  15 
0-1 0  7^35 
6*27  7*55 

6-  43  7-74 
6-59  7-94 


Cwte. 
3-7o 

3-  98 
1-21 

4-  44 
4-67 

4-  90 
51 3 
15-36 
15-59 

5-  82 

6-  05 
6-28 
6-51 
6-74 

6-  97 
|7-20 

7-  43 
|7-66 
7-89 
|8-12 
i8-36 
;S-59 
i8'82 
9-05 
9-2S 


fThicknesN  in  Inches. 


Cwts.  I  Cwt8. 
4*30  4-85 
4-56i  51^ 
4*82;  5-44 


5-09 
5*35 
5-61 
5-88 


5-  73 

6-  03' 

6-33 

6-62; 


614j  6-92 
6-46  7-21 


6-66 

6-  93 

7-  19 
7*45 
7-72 
7-98 
S-24 


7-51 

7-  81 

8-  10 


7-  70i  8-51 

8-  03'  8-87 


8-  691  9-6010-5 

9-  02^  9-9710-9  12-7 


Cwtb. 

6-52 

6-  91 

7-  31 

7-  70] 

8-  10 


2 


Cwts.  ,  Cwts.  '  Cwts. 

7-  63^  8-77i  9-91 

8-  09  9-29llO-5t 

8-  55  9'82'll-r 

9-  01 10-4  Ul-7 


8-  89jl0-4 

9-  2^;i0-9 
9-67'll-3 

8-36i  9-24  10-J  111 -8 


9-47!l0-9 
8-49|  9-93[ll-4 

11-  9 

12-  5 

13-  0 
13-5 

12-2  ' 


8-40  9-35  10-3  11-3  13*2 

8-69i  9-67;  10-7  11*6  13-6 

8-  99  lO-O  ll-l  12-0  1 14-1 

9-  2910-3  11*4  12-4  14-5 
.S  51:  9-58ilO-7  'll-8  12-8  15-0 

8-  77'  9-88jll-0  12-2  |13-2  :ir>-5 

9-  0310-2  lll-3  12-5  113-6  •l.5-9 
9-29 10-5  ill-7  ;i2-9  14-0  46-4 
9- .51;  10-8  12-0  ;i3-3  114-4  16-8 

'12-3  113-6  jl4-8  17-3 

112-  6  114-0  15-2  ^17-8 

113-  0  il4-3  15  ()  18-2 
13-3  14-7  h)-(>  18-7 


9-821 11 
10-1  11-4 
10-4  11-7 
10-6  12-0 


14-0 

14-  6 

15-  1 

15-  6 

16-  1 

16-  7 

17-  2 

17-  7 

18-  2 

18-  8 

19-  3 

1 9-  8 

20-  3 

20-  9 

21-  4 


12-3 

12-  9  i 

13-  5 

14-  1 J 

14-  7' 

15-  2: 

15-  8 

16-  4 

17-  0 
17-6 
!18'2 

;is-s 

19-4 

!20-<» 
'20-6 
|21-2 
i21-8. 

22-3; 

22-  9 

23-  5 

24-  1 


7 


Table  I'm;. 


•Cast-Tron  Cvlixj)7^R!=;  :  Weight  BY 
TERN'AL  diametek.       '    '  • 


TiCnjrth.  1  Frjot. 


I   >  (Ml 
Tliioknm  in  Inehen. 

■i  <  i  '  i  \  i 


External 

DiameUr. 

i 

Inches. 

Lbs. 

Lbs. 

3 

9-65 

11-0 

H 

1 1  -5 

13-2 

4 

13-3 

15-3 

0 

15-2 

17-5 

17-0  , 

19-6 

H 

lS-9 

'21-8 

6 

20-7  , 

23-9 

22-5 

26-0 

I 


Lbs. 

12-3 

14-7 

17-2 

1 9-6 

221 

24-5 

27-0 

29-5 


Lbs. 

14-6 

17-6 

20-7 

23-M 

26-9 
29-9 
33(1 
361 


Lbs. 

16-6 

20-3 

24-0 

27-7 

31-5 

35-2 

38-9 

42-6 


Lbs. 

18-3 

22-6 

26-9 

31  1 

35-4 

39-7 

44-0 

48-3 


Lbs. 

i9-(; 

24-5 
29-5 
,34-4, 
39-3) 
44-21 
49-1 1 
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TA»tl3  HH>,— OA8lvT«oy  Oylikt>kbs  jeontinited). 


£xtei'nal 

Thifk)iess  in  Inches. 

Diameter. 

_x  ,  z. 

i 

1  ^- 

.  i 

it 

i 

i 

1 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

-  .7 

24-4 

28-2 

31-9 

391 

40-4 

52-0 

58-9 

7i 

26-2 

30-3 

34-4 

42-2 

50-1 

50-9 

03-8 

8 

28-1 

32-5 

3(5-8 

45-3 

53-8 

01-2 

08-7 

8i 

29-9 

34-1) 

39-3 

48-3 

o  i  -o 

65-5 

73-0 

\) 

31-8 

30-8 

41-7 

51-4 

01-3 

69-8 

78-5 

91 

38fi 

38-9 

44-2 

54-5 

05-0 

74-1 

83-5 

10 

35-4 

41-1 

4(>-() 

57-5 

68-7- 

78-4 

88-4 

11 

391. 

45*4 

51-5 

03-7 

70-0 

87-0 

98-2- 

12 

42*§ 

49-7 

56*5 

69^ 

83-4 

95-6 

108-0 

1» 

46*9 

54-0 

61-4 

76-9 

90-7 

104-2 

117-8 

14 

50-2 

58-3 

66-8 

82-1 

98-0 

112-8 

127-6 

.-.la 

5E-J& 

a2*6u 

71-2 

88-2 

105-4 

121*3 

137-4 

16 

57-5 

66-9 

761 

94-8 

112-7 

129-9 

147-3 

17 

61-2 

71 -T 

81-0 

100-5 

120-0 

1S8-5 

157-1 

18 

64-9  • 

75-4  ' 

85-9 

106-6  • 

127-4 

147-1 

166-9 

19 

68*6 

79-7 

90-8 

112*8 

134-7 

155-7 

176-7 

20 

72*8 

'  84*0 

95-7 

1I8-9 

142-0 

164-8  186-5 

21 

75-» 

88-n 

100-6 

12.Vil 

149-4 

1T2-9 

196-4 

22 

79-6- 

92(> 

105-5* 

181-2 

156-7  181-5 

206-2 

2B 

96*9 

110-5  1 187-3 

164-0 

190-1 

2150 

24 

87^0 

101-2 

115-4 

143-4 

171-4 

198-7 

225-8 

25 

90-7 

105-5 

120-3 

149-0 

178-7 

:  207-2 

235-0 

26 

94-3 

109-R 

125-2 

155-7 

1801 

,  215-8 

245-4 

27 

98-() 

114-1 

1301 

101-8 

193-4 

224-4 

255-3 

28 

101-7 

118-4 

135-0 

108-0 

200-7 

'  233-0 

205- 1 

29 

105-4 

122-7 

139-9 

174-1 

20S-1 

24 10 

274-I> 

30 

](»9-l 

127-0 

144-8 

1 80-2 

'  215-4 

250-2 

2S4-7 

31 

1 12-K 

131-3 

149-7 

180-4 

1  222-7 

258-8 

294-5 

32 

1 1(>-4 

135-(> 

154-0 

192-5 

230-1 

207-4 

304-3 

r^H 

120-1 

139-9 

159-5 

198-7 

'  237-5 

270-O 

314-2 

34 

123-8 

144-2 

104-5 

204-s 

•J44-8 

284-0 

324-0 

35 

127-5 

148-5 

109-4 

210-9 

252-2 

293-1 

333-S 

30 

131-2 

152-7 

174-3 

217-1 

259-5' 

301-7 

343-(; 

38 

13S-5 

ini-3 

184-1 

229-3 

274-3 

31S-9 

303-2 

40 

145-9 

l(i9-9 

193-9 

2n-o 

289-0 

330  1 

3S2'9 

42 

15H-3 

1 78-5 

203-7 

253-9 

303-7 

353-3 

402-5 

45 

l<)4-3 

191-2 

21S-5 

272-3 

325'8 

379-1 

432-0 

48 

1/5-4 

203-8 

'233-2 

290-7 

347-9 

404-8 

4(;i-4 

51 

lS(r4 

210-5 

247-9 

309-1 

370-0 

430-6 

4i»0-9 

54 

197-5 

229-2 

202-0 

327-5 

392-1 

450-4 

520-3 

57 

208-5 

241-8 

277-4 

345-9 

414-2 

482-1 

54i»-8 

m 

2l9-ti 

•J54-5 

292-1 

304-3 

430-3 

507-9 

571^3 
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MANUFACI^URBD.  METALS. 

Table  156. — Cast-Ibon  Otlindebb  Cj^atUiTwed), 


■t 


External 


Tliickness  in  Inches. 


Diameter. 

i 

^  1 

i  : 

*  1 

1 

* 

Indies. 

Cwts. 

Cwts.  ' 

Cwts. 

Cwts.  ' 

Cwls. 

Cwts.  1 

Cwts.  i 

()8 

2-()() 

2-39 

274 

3  42  ' 

4-09  ' 

4*77  1 

5  43  5 
5-70  ] 

f)6 

2-16 

2-50 

2-S7 

3-58 

4-29 

5 

•00  i 

()9 

2-2f) 

2-(;2 

3-00 

375 

4-49 

o 

•23 

5  96  ! 

72 

2-3G 

2-74 

314 

3-91 

4-G9 

5 

•46 

622 

75 

2-45 

2-85 

3-27 

4-08 

4-88 

5-G9 

r>-49 

78 

2-55 

2-97 

3^40 

4^24 

5^08 

5 

•92 

6-75 

81 

2-65 

3-09 

3-53  i 

441 

5^28 

0-15 

7-01 

84 

2*75 

3*20 

3^()() 

4-57 

5-47 

(V38 

7*28  ^ 

90 

2-95 

3^43 

3^92 

4^90  ^ 

5^87 

6-84 

7^80  ; 

96 

3-15 

3-«7  ' 

4-19 

5-28  1 

6-26  1 

«*. 

7 

•30 

833 

External 

Thickness  iju  Inches. 

i 

Buunetor. 

If  i  1* 

2  ' 

 .  ■ 

Inches. 

Cwts. 

— • — 
Cwts. 

Cwts. 

Cwts. 

dwts. 

Cwts. 

G 

•481 

•520 

mr  mm 

*oo  ( 

•592 

•652 

•701 

•740 

•530 

•575 

ul8 

•729 

•789 

•838 

7 

•579 

•()30 

•(;78 

•723 

•805 

•876 

•938 

7i 

•(;29 

•()85 

•738 

•789 

•88^ 

•964 

1-04 

8 

•()78 

•740 

•799 

•855 

•959 

ro5 

M4 

8i 

•727 

•794 

•859 

•921 

1-04 

1^14 

1-23  ; 

9 

•777 

•S49 

•919 

•980 

Ml 

1 

•23 

1-33  ; 

H 

•82() 

•<H)4 

•980 

1-05 

M9 

1-31 

1-43  ' 

•875 

•959 

1-04 

1-12 

1^27 

1-40 

153 

11 

-  

1-0/ 

IKi 

r25 

1^42 

P58 

1^73 

12 

1-07 

1-IS 

1-28 

1  -38 

1^57 

1-75 

1-92 

13 

M7 

1-29 

1-40 

1-51 

1-73 

1^93 

2*12 

14 

1-27 

1-40 

1  -52 

l-(i4 

1  1-88 

2^10 

2-32 

15 

1-37 

1-51 

l-(>5 

1-78 

1  ;2-()3 

2 

•28 

2-52 

1(» 

1-17 

1  'C>2 

1-77 

1-91 

!  2-19 

2 

•45 

271 

17 

1-57 

1-73 

l'.s9 

i  2  ()4 

1  2-34 

■  2 

•(>3 

2-91 

18 

!•<;<; 

1-S4 

'  2^nl 

I  •217 

1  2--19 

2^81 

i  3^1 1 

20 

l-S(; 

2MM) 

,  2-25 

2-43 

2^80 

31  (5 

1  3-50 

9-> 

Aitf     \  f  1  r 

I  2-49 

2-70 

3-51 

1  3**HI 

21 

2-2<; 

,  2-49 

2'9<i 

3-41 

<  3-80 

i  4-29 

27 

2*55 

1  2-S2 
3^U5 
1  3-4B 

'  3-09 

3-35 

3-87 

4^38 

1  4-88 

30 

2-85 

-  3-4(i 

3-75 

,  4-33 

!  4-91 

!  5  47 

83 

H'U 

382 

414 

4^79 

j  5-44 
5r96 

606 

36 

3-44 

1  3-81 
1  4-U 

4^1 8 

4-54 

1  525 

6*r»6 

80 

3-74 

4-54 

4-93 

5-72 

.  6^49 

1  7-25  J 
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,  Ta3IiS  166.— Ca8T«Ibq^  Ctlindebs  (p{tntiwted). 


m 

External 

Thickuess  in  Inches. 

£  A  k  A  MA 

liiainetcr. 

1*  1 

H 

1 

If 

1    2  1 

1 

Iiielies. 

Cuts. 

Cwts. 

Cwts.  1 

Cwts. 

Cwts. 

1 

Cwts.  • 

Cwts. 

4*08 

4-4/ 

4'<)i)  1 

5*33 

018 

7*01 

7*84 

4 -38 

4*/*J 

5-2r, , 

5*72 

(i-()4 

7*i)4 

8'43 

48 

4-()2 

5-12 

,  5-(;2 

(>12 

7-lU 

8-07 

9-02 

51 

4-U2 

5*45 

5-1)8 

(;-51 

7-5f> 

8-59 

9M)1 

54 

5-22 

5-78 

(r35 

(Mil 

8-02 

1)-12 

lU-2 

57 

i)*ol 

(vll 

(;-7i 

7-3U 

8-48 

U-H4 

10-8 

«u- 

,  ()-44 

♦ 

7  ii7  , 

1 

7-70 

8-94 

10-2 

11*4 

Ft.  In. 

1 

« 

5  3 

6*10 

6*77 

7-43 

8-09 

9-40 

1  A 

10*7 

12*() 

h  6 

6*40 

7*09 

7-79 

8-48 

9-86 

1  1  .A 

11*2 

12*() 

mm  r\ 

5  9 

6*70 , 

r42 

>  8-16 

8*88 

10-3 

11*8 

18*2 

6  0 

AA 

7*00 

7-n> 

8*51 

9*27 

10-8 

12*3 

13*8 

6  3 

7*29 

8-08 

8*88 

9-B7 

11-2 

12'8 

14*4 

8^1' 

•9^ 

IM 

13^ 

14*9 

6  9 

7'88 

8' 74 

.  9-60 

10*5 

12-2 

13*9 

lo*o 

7  0 

8*17 

.  A.  An 

9*07 

'  9*96 

10-9 

12-6 

14*4 

16*1 

7  6 

8*77 

9*72 

10-7 

11-6 

13-5 

lo*4 

17*3 

8  0 

9'3o 

10*4 

11-4 

r^4 

*  14-5 

l(5*o 

18*5 

,  ..8  .6  . 

. .  J9*9a 

11*0 

.  la'A 

19*7 

A  A 

9  0 

lO'o 

11-7 

12-9 

14-0 

16*3 

18'6 

20*8 

A  /* 

9  6 

ll'l  1 

12*3  . 

f  13-6 

14-8 

17-2 

19*6 

22*0 

10  0 

11*7 

18*0 

14-S 

15-6 

18-1 

20*7 

23*2 

10  6 

12*3 

13-7 

15-U 

irr4 

19-1 

21*7 

A  J  i 

24*4 

11  0 

12-9' 

14*3 

15-7 

17  2 

20-0 

22'8 

25*() 

11  6 

13'o 

lo*0 

1  (;*5 

17-9 

20-9 

23*8 

26*7 

12  0 

"111 

141 

l.)-(» 

171^ 

18-7 

21-8 

24*9 

2/ -9 

18  0 

l.)\^ 

U'(\ 

20-3 

23-7 

2/-0 

30-3 

14  .0 

!()•.> 

18- J 

20-1 

21-i) 

25-5 

29*1 

32*/ 

15  0 

J  /•7 

iy(> 

j  21-5 

23-5 

^  t  o 

3 1  '2 

3i>'0 

1()  0 

18-<s 

20-U 

23-0 

i  25-0 

21)-2 

33-3 

37-4 

17  0 

2r)-() 

22 '2 

1  24-4 

1  2<5m; 

31-() 

35-4 

39-8 

IS  0 

21 '2 

2:i-5 

t  25-1) 

28-2 

32-9 

37-5 

42*2 

0 

22*4 

24-8 

i  27-3 

1  29-8 

34-7 

39m; 

-14-5 

20  u 

23-(5, 

1  2<»-l 

1  28-8 

* 

31-4 

30-5 

• 

41*7 

46  9  • 
• 

« 


TABU5  154. — ^^Cast  J  RON  Oyijnders  ieuntynued^. 


Inch. 

48 
51 
54 

57 

r,o 

63 
Of) 
69 
72 
75 
78 
81 
84 
87 
i)0 
93 
96 
99 
102 
105 
1 08 
111 
114 
117 
120 


Cwt8. 

2-6u 


3-15 


CVts. 

,^•21 


ill  ,  li 


fThiekiieBR  la  Indies. 

1|  li 


2-82  8-40 
2-99  S-60 


3-80 


8'32:400 
3-48|4-19 
3-64  4-39 
3-81  4-59 

3-  97i4-78 
4'144-98 

4-  305-ls 
4-46  5-38 
4-63|5-57 
4-79'5-7; 

4-  96|rr97 

5-  12i()-17 
5'286-8r, 
5*  4.")  (rail 
5-61  6-76 

5-7s:(;-95 

5-  94  7-15 

6-  107-35 
6-27  7-55 
6-437-74 
6-69'7-04 


C'wts 

3-75 

3-  98 
t-21 

4-  44 
4-67 

4-  90 

5-  13 
15-36 
!5*59 
|5-82 
605 
|rr28 

 j(»'51 

""""  j6'74 

6-  97 
j7'20 
'7-43 
;7-6il 
:7-89 

8-  12 
.8-36 
;S-59 
■8-82 

9-  05 


7-45 
7-72 


19-28 


Cwts.   Cwt.s.  Cvrts. 

4-30  4-85  5-40 
4-56[  5-14  5-73 

4-  82j  5-44  6  06 

5-  09I  5-73  6-38 
5'35;  6-03j  (>-71 
5-61 1  6-33j  7-04 

5-  88i  6-62!  7-37 

6-  1 4;  6-92j  7-70i 
6-40;  7-21  8M)3 
6-66j  7-51  8-36i 

6-  93  7-81  8-69> 

7-  19  8-10|  9-02 
8-40  9-35 
8-691  9*67 

I  7-98i  8-99  lO-O 
S-24  9-2910-3 
:  8-51i  9-5^il()-7  \ 
\  H-77\  9-SlS!ll-() 
9-0310-2  !ll-3  ' 
9-2910-5  ill-7  , 
9-5()10-8  12-0  ; 
9-821 11  :i2-3  i 
10-1  11-4  il2-6 
10-4  11-7  !13  0  i 
,10-6  il2-0  13-3 


Cwts. 

5-  96 

6-  32 

6-  69 

7-  05 

7-  41 
,7-78 

8-  14 

8-51 

8-  87 

9-  2410 
9-6010-:> 
9-9710-9 


10-3 

10-  7 
U-l 

11-  4 
1 1  -8 

12-  2 
1 2-5 

12-  9 

13-  3 

13-  6 
140 

14-  3 


Chvts. 


9-67 


11-  3 
1 1  -6 

12-  0 
12-4 
12-.S 
il3-2 
il3-6 
|14-0 

;i4-4 

;i5-2 

;l5-6 


Cwts, 

6-,52 

6-  91 

7-  31 

7-  70 

8-  1  o! 

8-491  9-9311-4 

8-  89 10-4 

9-  2810-9 
11-3 

11-  8 

12-  2 

12-  7 

13-  2 
13-6 

iui 

1 14-5 
i5-0 
:15"5 

1 5-  9 

16-  4 

16-  8 

17-  3 
;17'8 

18-  2 


Cwts. 

7-  63 

8-  09 

8-  55 

9-  01 

9-47!l0-9 


11-  9 

12-  5 

13-  0 

13-  5 

14-  0 

14-  6 
1.5-1 

15-  6 
!16-1 
'l6-7 
17-2 
17-7 
il8-2 
;i8-8 
tl9-3 
19-8 
;20-3 
i20-9 


2i 


Cwts. 

8-  77;  9'9J 

9-  2910-5 
9-8211-1 

10-4  11-7 
12-3 

12-  9 

13-  5 

14-  1 

14-  7 

15-  2 

15-  8 

16-  4 

1 7-  0 

17-  6 
18'2 

1 8-  S 
l'i-4 
20-0 

20-  6 

21-  2 

21-  S 

22-  3 

22-  9 

23-  5 


14-7  116-0  18-7  121-4  24  1 


1 


Table  156. — Cast-Iron  Cylinders  :  Weight  bx  ex- 
ternal DIAMETER.  *'  * 


Externftl 
DiameUr. 

n 
» 

4b 

Tliioknm  in  Inches. 

•4    i    #    '    f    1  * 

1 

iDches. 

Lbs. 

LbH. 

Lbs. 

Ll)s. 

Lbs. 

Lbs. 

Llw. 

3 

9-65 

11-0 

12-3 

14-6 

16-6 

1 8-3 

19-6 

H 

11-5 

13-2 

14-7 

17-6 

20-3 

22-6 

24-5  • 

A 

13-3 

15-3 

17-2 

20-7 

240 

26-9 

29-5 : 

:  4i 

15-2 

17-5 

19-;; 

23-s 

27-7 

311 

;  34-4 

.  5 

17-0  . 

19-6 

26-9 

31-5 

35-4 

39-3; 

18-9 

■21-8 

24-5 

29-9 

35-2 

39-7 

,44-2i 

20-7  , 

23-9 

27-0 

33-0 

38-9 

44-0 

49- 1  ■ 

22-5   ;   26  0 

29-5 

361 

0            ^^MV  W 
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.   OAST-IHON  CYLlNDfitt8.  2^7 


TaBLt:  CasT^Irqn  CylikpKRS  (jL-ontinuvtl), 


Tliickness  in  Inches. 

t 

it 

I  ! 

1 

Diameter. 

1 
•r 

' 

* 

1  i 

i 

j 
• 

— i  .  

iiicliea. 

Lbs. 

Lbs. 

Lbs. 

Lbs 

Lbs. 

Lbs. 

Lbs. 

24*4 

.  81-9 

391 

46-4 

00  1' 

2()-2 

.  30*8 

34-4 

42-2 

50-1 

Oi)  J 

0«>  o 

{ 

Q 

28*  1 

32-.> 

3()-8 

45-3 

53-8 

A  1  '9 

ni  J 

^  1 

29*9 

34'() 

39-3 

48-3 

/DO 

■ 

ol  8 

3f>*8 

41-7 

51-4 

r>i-3 

1  O  o 

i 

• 

38*9 

44-2 

o4  o 

650 

1  -t  i 

oO  o 

ff 

no*4 

41*j 

4(»-() 

O  /  4> 

68-7 

1 1 

o9*l 

4i)4 

51-5 

63-7 

7(;-o 

o  4  U 

• 

1  o 

42'8 

49-/ 

56-5 

()9-8 

83-4 

J,t  u 

In 

40 '0 

a4-0 

61-4 

75-9 

90-7 

i  U-t  - 

Li  t  n 

• 

1  J. 
1 4- 

o0*2 

o8*3 

66*3 

82-1 

98-0 

1  07'ii 
i  Z  / 

i).i*8 

1)2*6 

71*2 

88*2 

105-4 

lit  t  i 

In 

5  7 '5 

i* ./ k 

76-1 

94-3 

112-7 

1  Zi'  if 

I  J7''i 
l-t  /  •> 

1 

1  7 

(»r2 

/l-l 

8 1  -0 

100-5 

120*0 

1  or*  ») 

1571 

■ 

04*9 

85*9 

106-r, 

127-4 

147*1 

• 

1  U 

()8M) 

/9*< 

90-8 

1 1 2-8 

134-7 

1 55*7 

1  /  U  1 

ZU  • 

72*.i 

84*0 

95-7 

1 1 8-9 

142-0 

164-3 

186-5 

oi 
^1 

7jv9 

88*3 

100*6 

125-0 

1 49*4 

1 72*9 

9AA*9> 

7n*6* 

92m? 

]05*ri 

131-2  ;  156-7  *  161-5 
137-3  1 164-0  i  ldO-1 

• 

110*6 

91  K*n! 

87^0 

101-2 

115-4 

143-4  ;  171-4  j  118-7 
149-6    178-7  i  207-2 

225*8! 
235*6^ 

■ 

Oft 

90-  / 

105-O 

120*3 

• 

'  OA 

94'o 

109'« 

125*2 

155*7 

186-1 

;  215-8 

Z4(>  4 

■ 
■ 

07 

114'1 

1301 

161-8 

193-4 

224-4 

1 
1 

hia 
2o 

101*7 

118*4 

135-0 

168-0 

.200-7 

.  2$3-0 

Jbt)  1 
I  i»f  4 
^04  <  1 

lUo'4 

j22'7 

139*9 

174-1 

208-1 

241*6 

nit 

1  ()9'1 

12rO 

144-8 

180-2 

215-4 

'  250-2 

d1 

1 12*8 

131*3 

149-7 

186-4 

222*7 

258-8 

-e«f4  O) 

1 

AO 

1 1()-4 

13o'b 

154*6 

192-5 

230-1 

267*4 

120*1 

139*9 

1 59*5 

198*7 

237*5 

276-0 

til  !•♦) 

54 

123*8 

144*2 

164-5 

204-s 

'  244-8 

284-6 

»>z+  u . 

1 2  /  -o 

148-0 

169-4 

210-9 

252  2 

293-1 

•JOO.V> 

Oo.»  n 

131 -2 

lo2v 

174-3 

217-1 

25*J-5" 

301-7 

MO 

OO 

l.iS'.) 

I  nr.i 

1S41 

229-3 

274-3 

318-9 

4U 

1  45 -9 

169-9 

1 93-9 

241-6 

289-0 

336-1 

0  0 .) .  ( I 

^9 

1 78-5 

203-7 

253-9 

303-7 

353-3 

+' '  J  .) 

40 

10  4H 

191-2 

218-:) 

272-3 

379-1 

48 

175-4 

20r>-8 

233-2 

290-7 

347-9 

404-8 

461-4 

■ 

51 

186-4 

216-5 

247-9 

309-1 

370-0 

430-6 

490-9 

• 

'54 

197-5  ' 

229-2 

262-6 

327-5 

392-1 

456-4 

520-3 

57 

208-0 

241-8 

277-4 

345-9 

414-2 

482-1 

549'S 

2l9-« 

254*5  ! 

292-1 

364-3 

436*3 

507*9 

579*3 
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TABi4£  156. — Cast-Ibon  Oylindbbs  (cimtinmcP). 


Externtal 

Thickness  in  Inches. 

1 

Diameter. 

8 

To 

1  j 

*  1 

t 

f 

t 

1  ^ 

Inches. 

Cwt8. 

Cwts. 

r*wf  a 
Wbo. 

V/WlO. 

Cwts.  1 

Cwts. 

63 

.206 

2-39 

2-74 

3*42 

4*09' 

4f77  } 

5*43  ; 

66 

2-16 

2-50 

2-87 

3*56 

4*29 

S'OO  1 

5*70  : 

69 

2-26 

.  2-62' 

300 

3-76 

•4*49 

&23 

5*96  • 

72 

2-36 

2-74 

314 

391 

4*69 

6^46 

6*22 

75 

2-46 

1  2-86 

3-27 

4-08 

4*88 

&69 

6*49 

78 

2-65 

2-97 

3-40 

4-24 

5*08 

5r92 

6*75 

81 

2*65 

3*09 

3-58  t  4*41 

5*28 

6rl5 

7*01  • 

84 

2-76 

3-20 

3*66  1 

4-57  . 

5-47 

(^38 

7*28  * 

90 

2'95 

mm  V 

3*4S 

3-92  1 

4-90 

5-87 

6*84 

7*80  : 

96 

8-15 

8-67  ' 

4*19  1  5*28 

t  i 

6*26  < 

7^30  j 

8-83 

Extonial 

Thickness  in  Inches. 

DiuiDtiter. 

1*  1  ■  H 

1|  < 

14 

2 

2i 

Inches. 

CwtH. 

Cwta. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

Cwts. 

0 

•4S1 

•520 

«r  »  mm 

•;);)  / 

•51)2 

•(;52 

•701 

•740 

'i)M) 

•018 

•(;57 

•721) 

•789 

•838 

7 

•579 

•(;8() 

•(>78 

•728 

•805 

•87(> 

•938 

M)29 

•I.H.') 

•788 

•781) 

•882 

•9(>4 

ro4 

8 

m;78 

•74U 

•79i) 

•855 

•959 

ro5 

M4 

Si 

•727 

•71)4 

•859 

•921 

1()4 

1-14 

1  -28 

9 

•777 

•849 

•919 

•986 

111 

123 

1-88 

94 

•826 

•904 

•980 

i^or> 

119 

1-81 

1-43^ 

10 

•87ri 

•959 

1-04 

112 

1*27 

1-40 

1*58 

11 

•974 

1-07 

1-16 

1-25 

\  1-42 

1-58 

1*78. 
1*92' 

12 

1-07 

M8 

1-28 

r38 

157 

1*75 

13 

M7 

1-29 

1-40 

1-51 

1  1-78 

1-93 

2-12  J 

14 

1-27 

l-4<) 

1-52  1  1-64 
1-65  1-78 

1  1*88 

a-10 

2*821 

15 

1-37 

1-51 

:2^(*3 

2I*28 

2*52 

16 

I -4-7 

1^62 

1-77 

'  1*91 

2-19 

,  »45 
2*63 

2*71 

17 

1-57 

1-73 

1-89 

2^(Ki 

•2-34 

2-91 

18 

1-6H 

1-84 

1  206 

■2-01 

217 

2-49 
.  2-80 

a-81 

811 

20 

l-8<» 

1  2-25 
f  2-49 

2-43 

3*16 

3*60  • 

22 

2-06 

i  2-27 

2-70 

j  311 

3^51 

3^90 

24 

2-26 

2^49 

1  273 
8^()9 

296 

1  3^41 

.  8-8G 

4^29 

27 

0  • "» "i 

2S2 

8-85 

I  8-87 

i  4-38 

4^88 

80 

2s:> 

i  815 

1  8-46 

,  8-75 

1  4-88 

4^91 

5  47 

83 

8-14 

8-48 

414 

j  4-79 

5-44 

(>-06 

8() 

8-44 

8-81 

1  4^1 8 

[  4-54 

1  5*25 

\  5-9() 

6^(;6 

39 

3-74 

.  4-14 

1  4^54 

;  4-93 

'  5  72 

'  U-49 

1  725 , 
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Table  166.— CAST-IiiQji  Cylindees  Q-ontlmwd), 


External 


Thickness  in  Inches. 


Dianieter. 

1 1 

14 

•'•4 

2 

! 

Inches. 

Cwts. 

Gwts. 

Cwta. 

Cwts. 

CwtR. 

Gwts. 

.4:2  . 

4-47 

4-l«> 

5-88 

6-18 

7-01 

7*84 

45 

4'33 

4-79 

.  5-21} 

5-72 

6*64 

7*54 

8*48 

48 

4*62 

5*12 

;  5-6B 

6-12 

7-10 

8*07 

9*02 

51 

4*92 

5-45 

5*9B 

6-51 

1  WW 

fi'22 

5*78 

6-91 

6-11 

6-71  •  7-80 

8*48 

9-64 

v  WX 

10-8 

60 

.  ' 

* 

6-44 

« 

10*2 

11*4 

XX  X 

Ft.  In. 

- 

5  3 

(MO 

f>-77 

7-43 

8-09 

9-40 

10-7 

12-0 

5  (J 

(V40 

7-09 

7-79 

.s-48 

9-s(; 

11-2 

i2-(; 

5  i) 

<>-70 

7-42 

8-15 

8-88 

10-3 

11-8 

13-2 

(>  0 

7-00 

it.) 

8-r)l 

9-27 

lU-S 

12-3 

13-8 

()  3 

7-29 

8-08 

8-88 

9-<>7 

1 1  -2 

12-8 

14-4 

H  6 

7-oH 

8-41  ^ 

9-24 

lo-l 

11-7 

13-3 

1 4-9 

(>  1) 

7'SS 

8-74 

.  9-(;o 

lo-r. 

12-2 

13-9 

1 5*5 

7  0 

S-17 

9-07 

9-9(; 

10-9 

12-(; 

14-4 

l()-l 

7  6 

8-77 

9-72 

10-7 

1 1  •() 

l:^:) 

1.V4 

17-3 

8  0 

9-3r, 

10-4 

11-4 

12-4 

ir,-:» 

18-5 

8  .6 

9-95 

IIM) 

12'L 

,  13-2 

.  i:>-4 

17-5 

19-7 

9  0 

1U':>  i 

11-7 

12-9 

14-0 

i«;-3 

18<; 

20-8 

9  (J 

W'i 

12-3 

i3-(; 

14-8 

17-2 

1 9-(» 

22-0 

10  0 

11-7 

13-0 

14-3 

1  :>•() 

is-i 

20-7 

23-2 

10  (i 

12-3 

13-7 

ir»-o 

h;-4 

19-1 

21-7 

24-4 

11  0 

12-9 

14-3 

1 5-7 

17  2 

20-0 

22-8 

2:)(; 

11  0 

13*5 

15-0 

17-9 

20*9 

23-8 

2i;'7 

12  0 

U'l 

i:><; 

17-2 

18-7 

21-8 

24-9 

27-9 

13  0 

15-3 

10-9 

18-6 

20-3 

23-7 

27-U 

30-3 

14  D 

IH'5 

18-3 

20-1 

21-9 

25-5 

29-1 

32-7 

15  0 

17-7 

19-6 

21-5 

28-5 

27-3 

31-2 

35-0 

16  0 

18-8 

20-9  1  23-0 

25*0 

29*2 

88-8 

37-4 

17  0 

20-U 

22-2  1  24-4 

2e-6 

81*0 

35*4 

89*8 

18  0 

21-2 

23-5  1  25-0 

;  28-2 

32*9 

87-5 

42-2 

19  0 

22-4 

24-8  1  27-8 

1  29-8 

84-7 

89*6 

44*5 

20  t) 

2»-6. 

2IM  j  28-8 

81-4 

86*5 

• 

41-7 

46*9 
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Tablk  157— Cast-Iron  Balls  and  their  Circumscbib- 

iNO  Cylinders  :  Weiohtb. 


Diauieter. 

Weight 
of  Ball. 

Weight  of 
Cii-cumscrib- 
iiig  i^yJiiKier. 

1 

Diameter. , 

Weieht 
Of  BfUl. 

Weight  of 
Cjrcumscnb- 

JrOUlias. 

Pounds. 

 .   . 

IncheH. 

,  OWES. 

,    3  • 

1-09 

10  ' 
1 

11  ' 

I 

12 

X 

!  1*83 

.  .SJ 

218 

X  \wA 

2«4S 

::.  3 
:  84 

6-85 

2*10 

8-lB 

14  1 

3«84 

6*01 

8-78 

151*1 

Ifi 

XV 

4*99 

X  fit*' 

7-48 

14     ,  12-4 
5       .  17-0 
5*     I  22-7 

XQ  U 

AO 

i  Xv 

10*65 

XV  Vtf  j 

25-6 

20  ' 

9-74 

14-61 

340 

22  1 

12-97 

19-45 

29-5 

44-2 

24  i 

16-83 

25-25 

37-5 

26  J 

21-40 

32-10 

i  1 

4rv8 

70-2 

28  \ 

2(;-72 

40-08 

-i  ; 

«7-5 
l)U-4  ! 

8(r2 
104-7 
1491 

30  1 

32-87 

49-31 

s 

( •vlinder,  one-half  heavier 
than  ball. 

rABLE  158. —  rOPPKR  AND  BUASS  :  WEIGHT  OP  ONE  liUfEAl. 
JTOUT  OF  ROUND  BOLTS  OR  KODS, 

(Elliott's  Metnl  Company.) 
Oil  the  basis  of  55Sib«  per  cubic  foot  of  Copper 

for  Biass. 


;  and  5341b. 

« 

1 


Copper. 


Pouiuls. 
15-40 
17-16 
1901 
29-96 
23-01 
25-15 
27-38 

82-  14 
37-27 
42-78 
48-67 
54-94 
(il-Gl 
68-66 
76-06 

83-  86 


109-55 
12S-57 
I4!>10 


Braaa. 

Pounds. 
14-74 
1 6-42 
1819 

20-00 
22-01 
2406 
26-20 
30-75 
35-67 
40-93 
46-57 
52-58 
58-95 
65-70 
72-79 
80-24 
88-06 
104-82 
123-03 
1  42-68 


COPPER  AM)  BHASiS. 


Table  ]5<». — Copper  and  Brass;  VVki(:^ht  of  ojsk 

square  foot. 
(Elliott's  iMctal  Company.^ 
On  thebasisof  5581b.  per  cubic  foot  of  Coppei.arid  5841b.for  Brass. 


1  Thidk* 

Weight  per  Square  Foot 

Thick- 

"Weight  per  Bqiiarc  Foot. 

ness. 

'  Brass. 

Cov>i)cr. 

Brass. 

Poll  Hi  Im 

Piiiiiif  In 

1.  >\ .  Vi. 

Pdllllfls 

1 

18*950 

18-850 

I  1-802 

1-246 

12*884 

12-282 

•SO 

1-116 

1-068 

ft 

11-718 

11-214 

94 

1-028 

•979 

1 
■ 

10-788 

10-824 

-980 

'  ^890 

Ik 

9-858 

9-484 

«o 

•887 

'801 

V 

8*928 

8-544 

-762 

•729 

7 

8*184 

7*882 

*688 

-658 

SI 

o 

7-440 

7-120 

•632 

•605 

CI 

H:69(> 

6*408 

Ov 

•576 

•551 

10 

5-952 

5*69(> 

SI 

*589  1 

•516 

n 

5-804 

5-1  (i2 

•502 

•480 

12 

4S8<; 

4-028 

88 

•4(;5 

-445 

4*278  1 

4-Oi)4 

-427  i 

-401) 

14 

8-7*>() 

8*5()() 

•800 

•878 

15 

8 -848 

8-204 

80 

•:J58 

•88S 

JO 

2-848 

•-iT  1 
o  /  1 

•810  • 

•802 

17 

2-fi04  1 

2-41)2 

88  ' 

•271)  . 

•207 

18 

-  1 

2-1 8(; 

81) 

•211 

•28 1 

It) 

1-S(>0  1 

l-7sn 

40  ; 

•228  , 

•218 

21) 

im;24 

l-(;n2 

41  ! 

•204  ' 

-105 

21  • 

1-488  ' 

1 

1-424 

42  ' 

•180  • 

-178 

Table  IGO. — CoppjiK  :  Apphoxiaiatk  WiiiGHT  of  Onb 

Square  foot.  [ 
 CElliptt\s  Metal  Company). 


Thick- 

1 

Approxinuitti 

Thick- 

Approximate 

Thick- 

Approximate 
Weight  \m- 
S<iitare  Foot. 

nes8. 
L  W.  G. 

Weight  jicr 
Square  Foot 

ness, 
I.  W.  G. 

Weightper 
Square  ^DOt 

ness, 
L  W.  G. 

No. 

Lbs.  Oz. 

No. 

LhK.  Oz. 

No. 

Lbs.  Oz. 

1 

14  (» 

11 

5  0 

21 

1  7.1 

9 

12  14 

12      !      4  18 

22 

1  5 

8 

11  12 

18 

4  4 

28 

1  2i 

4 

10  12 

\\ 

H  12 

24 

1  0 

5 

0  J4 

15 

8  0 

25 

0  143 

6 

9  0 

10 

8  0 

20 

0  18J 

7 

8  2 

17 

2  10 

27 

0  12; 

0  11 

8 

7  0 

•18 

2  4 

1 

20 

80  ^ 

9 

6  11 

19 

1  14 

0  10 

10 

6  0 

20 

1  10 

0  01 

300 


Table  ir)7.— ('a 


J)iameter. 

Inches. 
2 

2i 
3 

H 
i 

H 
i; 

7 

s 
1> 


of  Ball. 


H7-5 


Tablk  ir.s.— <  "oppkr  anj 

FOOT  OF  ROL 
(Elliott  8  . 
Oil  the  basis  of  o.'jSlb.  per 


DiaiiM'tor. 


I 

2 

^» 

li\ 

:< 
11 
u\ 

4 

IS 

10 

7. 

K 

15 


lii 

n 
n 
If 
u 

o 
-It 


fo 

Copper. 

Brass. 

Pounds, 

PouihIs. 

•72 

•02 

118 

1-87 

1-71 

1  '{y^ 

'  2-01 

1  -92 

2-88 

2-28 

.  '^^^ 

•>•;•)(; 

i  8-04 

201 

8-48 

8-2S 

'  8-ftr) 

8-(>S 

4-20 

4^10 

4-7.") 

-  -  - 

5-50 
0  •.*).*) 

G-S4 

S-08 

7-68 

9-82 

S-01 

1 0-28 

1217 

11 -(U 

18-78 

18-14 

4 

4^ 

.") 

i; 

4 


M 

V2S 

4-10 

.')•) 
II) 

V 


i! 
I 


302 


MANUFACTURED  MKTALS 


Tablb  161.^WEiaHT  OF  Seamless  Coppeb  Tubes  :  Ihpsbi. 

Calculated  on  the  basis  oi 


1884. 

I.  W.  G. 

Inehee. 

Millimetres. 


0000   000  .  00 

0-400  0-37-2  0-348 


Internal 
Diauieter. 

Inches.  Millim. 


I 


Oil    I   2    I  3 
0-S24  0'800iO'27C  0-252 


|10-100,9'441).S-839  8-220  7-b20i7-010|6-401 


4  i  5  0  ,  7  { 
0-232  0-212  0-l<»2'017l^ 


»  4  " 


4-S77 


•-. « J 
4-470 


2S 
2.? 

4 

n 

3 

3 
4 

^ 

43 

5 

5 

^1 
5l 
6 


3-2 
6-3 
9-5 
12-7 
15-0 
l{>-0 
22-2 
25-4 
28-0 
31-7 
34-0 
38-1 
41-3 
44-4 
47-() 
50-8 
54-0 
57-1 
60*3 
03-5 
0«)-7 

ou-s 

73-0 
70-2 
82 -o 
88-0 
95-2 
101 -(i 
107-0 
114*3 
120-ii 
1-27-0 
133-3 
139-7 
146-0 
152-4 
158-7 


Weight  of  a  Lnnui 


2-54 

•J-24, 

l*9i) 

1-70 

1-54 

3-14 

2-80 

2-52 

2-25 

2-00 

3-75 

3-30 

3-04 

2-74 

2-45 

4-35 

3f)2 

3-57 

3-23 

2-00 

4-90 

4-40 

4-10 

3-72 

3*30 

5-50 

5-05 

4-62 

4-21 

3-81 

<>-17 

5-01 

5-15 

4-70 

4-2«» 

()-77 

0-17 

5-07' 

5-10 

4-72 

7-38 

0-74 

0-201  5-08 

5-17 

7-98 

7-30 

6-73 

'  017 

5-62 

8-50 

7-8« 

7-25 

0-00 

G-08 

0-10 

8-42 

7-7s 

7-15 

0-53 

U-80 

,  8-90 

8-31 

7-04 

0-90 

10-40 

'  9'65 

8'8S 

1  8*13 

7*44 

11-01  10-11 

0-3<> 

8-(>2 

7^80 

11-01,10-07 

0-SS 

0-11 

8-35 

12-22  11-24 

10-41 

:  9-00 

8-80 

1-34 

1-  70 

2-  17 
*2-5()' 

3-  01 
3-43 

3-  84 

4-  20 
4-08 


1-15 

l-53i 

1-  91 

2-  20' 

2-  07 

3-  05; 
3-44 

3 -  82 

4-  20! 


1-00.  0-80 
l-35i  1-18 


6-09;  4-581 

5-51  4-00' 

5-03  5-34 

0-351  6-72; 


GTO'  6*10!  5*66}  5*08 


7-18i 
7-00 


12-82'll-S010"94h0-09 


0-48 
»i-SO 
7-25 


13-  43  12-3(5  ll*40ri0-58 

14-  03]  12-02  

14-  04|l3-40 

15- 24  14*05 
15*85  14*01 
10-45' 15 -17 
17-00  10-30  15-15 


8-02, 

8-4S  7*63 
8-85'  8*01 


9-25 

9*71i 

11-  00'ir07;i0-l(>!  0--27  8-30 

12-  52'll*5n  10-02'  9-00  S'77' 
13*04|l2-05jll*07  10-10  9-15! 
l3*o7i  1-2-541 11*52  10*52'  9*53 
1 4  -00  j  1 3  -03  ■  1 1  -08  4  0  -04  0  '91 

*  l4-0l!l2-S8il  l-77ilO-08 

18-87  17  •42I10-20  14-00!  13-70  12-01  111  •4?MO-47  

0  0>;i8'55)l7-25  l5-97|l4'70'lS-44'12-30Ul-18'10-16 

o  iO'i;:  1^^-30  10-05 15-(;2  i4-28  12-!m;  n-ss  lo-so 


5-  91' 
0-20| 
0*01 

6-  97I 

7-  32 

7-  07 
S-02' 

8-  37 
8*72 

9-  07 
9- 


5*35 
5-()7 

5-  0i> 
0-31 

6-  03 
0-95 

7 -  28 
7*00 
7*92 
8*24 

8 -  881 

9-  521 


22-50 
h23-71 


0*74 
1-08 

1-32 

1-  01 
1*90 

2-  19 
2 -48 

2-  7 

3-  0«V 
S-85 
3-04 

3-  93 
4*2*i 

4-  51 
4*80 
5*09 
5*38 
5*67 

5-  P6 
0*25 
0*54 

6-  83 

7-  1*2 
7*41 
7*W 
8*68 
9-l« 
0-74 


20-80  l;c3(^;  17-03 


21-0:^120-41 


18-91 


10-51  1511  13-72  12-58  11-4-1  10-32 


0-04 

0-  911 

1-  17 
1-44 

1-  70 

i'9r. 

2  "24 1 

2-  50 

2-  771 
8-04 

3-  30 

3-  57 

8-  S3 

4-  10 
4*37 
4-63 

4-  90 
5*16 
5*43 
5*70 

5-  90 
6*23 
6*50 
0-7(' 
7*29 

7*sa 

8*86 

8*S1> 

9-  4-2 


17-42  15-95  14*4f>, 13*28  12*08;  10*90;  9*9o 


24-92  *23-05  2l*4(i  19*89 18*33  16-78 16-a5a3-98  IS'Tslll-isrii-^^ 


20-]:^  24-l>122-51  20-87  10-23  17'02  10*01  14 'OS  13-3:'12-00  U-02 


27 -34:25-30: 23 -57  21-85 


28  -55  20 •43:24 *62, 22  '83  21  '05 


•20*76  37-55 

30^97  -28  ^08 
32^18  -20-80 


fe5*67i23-81 


20-14  18-45,10-77  15-30  14-0ri2-ii4  11 


-21-96  -2012 18-90 16-79 15-20 


^7 -78  25 -77 1-23 -77 


33*39j30'93  ^8-83|20-75j24-6S 


i 


19-39  17*5^  10*00  14^6.'.,13*22  12-08. 


•20-72  24-70,2*2*86  20*95  10 -0('>  17*40  15*93 


•21-79  10-82  18*10  10*57 
22*02|20*5fjl8*59  17*21 


13  SO.  12-62 

14-  38|l815 
14*96  13-'xS 

15-  5414*21 


^ote  to  Table. — it  the  External  Diameter  is  given,  subtract 
Weight  per  Lineal  Foot  of  a  Coppej  Tube  2  ins.  external 


Ly  GoOgl 


J 


COPPER  TOBfiS.  303 


iWiBB  GaiTOS,  1884  (The  Broughton  Copper  Company), 
the  specific  gravity,  B'8917. 


8 

0 

10 

11 

12  1 

13 

14  , 

1.) 

10  I 

1 1 

r 

l!^ 

19  1 

20 

0-160 

0-144 

0-1-28  i 

O-llO  0-104 i 

0'0i>2 

0  ObO 

0  0(2 

0  0<)4 

0  OjO 

0  048 

0-040  0-030 

1 

A/ 
3*058 

If 
8-261 

2-946 

111 

2-642 

9 

2*837 

2*082 

Ji~  h 

1*829 

1*626 

1*«22 

Af 

1*219 



1*016  0*914 

i 

Foot  in 

Pounds. 

4 

 r 

1 

— — 

0-47 ! 

■  "  '1 

f 

1 

■ 

1 

I 

0-07 

0-551 

0-39 1 

0-34 

0  29 

0-24  ; 

0-20  , 

0-17  , 

0-15 

0-12  i 

0-10 

0-08  , 

0-70 

0-69 

0-58 

0-51 

0  44 

0-38 

0-32 

( -28  ' 

0-24 

0-21 

0-17 

0-14  , 

0-12 

1*04 

0-90  i 

0-78  i 

0-09 

0  00 

0-52 

0-44 

0-39  1 

0-34 

0-29 

0-25 

0-20  j 

0-18 

1-28 

last  0-97, 

0*88 

0  76 

0-66 

0-56 

0-60 

0*44  t 

0*88 

0-32 

0-26  1 

0-23 

1*52 

1-34 

1-17 

1-04 

0  92 

0^80 

0-68 

0-01 

0-53  ' 

0-40  ' 

0-39 

0-32  1 

0-29 

l'7ti 

l-5<> 

l-3<*> 

1-21 

1  0< 

0-94 

0-80  ' 

0-72 

0-03 

0'5o 

0-40 

0-38  ' 

0-34 

2-00 

1-77 

1-55 

1-39  1 

1"23 

1-08 

0-92 

0-82 

0-73  , 

0-03  ; 

0-54 

0-44 

0-40 

2-24 

1-99 

l*75l  1-57 

1  39 

1*21 

1*04 

0*93 

0*82 

0*71 

0*61 

0-50 

0-45 

2-49 

2-21 

1-94  1-74  I 

1  -oo 

1  -35 

1-17 

1-04 

0-92 

0-80 

0-68 

0-50 

0-51 

2*73 

2-43 

2-13 

1-92 

1  lO 

1-49  ' 

1-29 

1-15 

1-02 

0'8S 

0-75  ' 

0-02 

0-50 

1 

2-97 

2-65 

2-33 

2-09 

1  80  . 

1-03 

1-41 

1-20 

1-11 

0-97 

0-83 

0-08 

O'Ol 

8*21 

2-86 

2*52 

2-27 

2*02 

1*77 

1*53 

1*87 

1*21 

1*05 

0*90 

0*74 

0*87 

1 

3*45 

3 -OS 

2-71 

2-44 

2  1  ( 

T91 

1-05 

1-48 

1-31  ' 

1-14 

0-97 

0-81 

0-72 

8-70 

3-30 

2-91 

2 -02 

2  33 

2*05 

1-77 

1-59 

1-40  ' 

1  -22 

1-04 

0-87 

0-78 

3*94 

3-52 

3-10 

2-79 

2  49 

219 

1-89 

1-70 

1-50 

1-31 

1-12 

0-93 

0-83 

4*18 

3-73 

8-29 

2-97 

2  05 

2-88 

2-01 

1-80 

1*60 '  1-39 

1*10 

0-99 

0*89 

4-42 

3-95 

3-49 

3-14 

•1  •OA 

2  80 

2-47 

2-13 

1  -91 

ro!) 

1-48 

1-20 

1-05 

0-<>4 

4-66 

4-17 

3-08 

3-32 

2 

2-01 

2-25 

2-02 

1-79 

1-50 

1-33 

ru 

1-00 

1 

4-01 

4-39 

3 -88 

3-50 

3  12 

2-75 

2-38 

2  13 

1-89 

1-05 

1-41 

1-17 

1-05 

5-15 

4-01 

4-07 

3-07 

3  2b 

2-88 

2-50 

2-24 

1-98 

1-78 

1*48 

1*23 

1*10 

5*30 

4-S2 

4-26 

3-85 

o  4o 

302 

2-02 

2-35 

2*08 

1-82 

1-55 

1-29 

l-lf) 

5*03 

5-04 

4-46 

4-02 

6 

310 

2-74 

2-4C) 

'  2-18 

1-90 

1-02 

1-35 

1-21 

5-87 

5 -26 

4 '05 

4-20 

o  ••• 

8  t ; ) 

3-30 

2-80 

2-57 

1  2*27 

1-99 

1-70 

1  'A^ 

X  *x  1 

1  '97 

C-12 

5-48 

4-84 

4-37 

1  o  IK) 

3-44 

2-98 

2-08 

2-37 

2-07 

1*77 

1-47 

1-32 

6-60 

5-91 

5-23 

4'72 

1  4*22 

1  3-72 

1  3-22 

2-89 

2-57 

2-24 

1-91 

1-59 

1  -43 

7-08 

6-35 

5-<V2 

5-07 

•{•53 

4  00 

!  3-4(') 

3-11 

2-70 

2-41 

2'0(> 

1-71 

1-54 

7-57 

(V78 

♦5-00 

5-42 

1  4-85 

4 -28 

3-71 

3-33 

2-95 

!  2-58 

2-20 

1-83 

1-05 

8-00 

i  7-22 

l>-30 

!  5-77 

1  5-10 

4-55 

1  3-95 

3-55 

,  3-15 

2-75 

2-35 

1-95 

1-70 

8*54 

1  7-65 

a-78 

0*13 

1  5-48 

4-88 

14-19 

8'76 

1  3*34 

2-92 

2-50 

i  2-08 

1-87 

O'O'i'  8-00 

7-17 

0-48 

5-79 

5-11 

4-43 

3-98 

!  3-53 

3-09 

2-04 

'  2-20 

1-97 

p-50 

;  8-53 

1  7-55 

(;-83 

0-11 

4  M>7 

1  4"'0 

j  3-73 

3-2('» 

2-79 

2-32 

2 -OS 

9-09 

1  8-90  i  7-94 

,  7-18 

«»-42 

5-07 

4-92 

'  4-42 

1  3-92 

3-42 

2-93 

!  2-44 

2-19 

10-47 

9-40 

1  8-33 

j  7-53 

0-74 

5-95 

5-10 

!  4-04 

1  4-11 

3*59 

3*08 

2-56 

•  •  • 

10-96 

9-83 

!  8-71 

7-88 

7-05 

0-22 

5-40 

!  4-85 

'  4-31 

'  3-7t) 

3-22 

2-08 

1  — 

*ll-44 

10-27 

!  9«10 

8*23 

7-3ti 

0-50 

5-04 

♦  5-07 

.  4-50 

.  3-93 

3-37 

1  2-80 

'        »l  1-9*2 

10-70 

,  9-49 

8-58 

7-08 

0-78 

5-88 

5-29 

,  4-09 
14*89 

4-iO 

3-51 

2-92 

•  •  • 

•  '1>'4] 

ill-14 

1  9*88 

f'8-98 

r-99 

7-06 

6*18 

6*51 

4*27 

8-66 

•  •• 

•  «« 

|12-89 11*67 110-26 

p-28 

8-31 

r-84 

6*87 

5-72 

j  5*08 

4*44 

3-80 

•  •  • 

t  •  « 

namber  at  bottom  of  colamn,  pages  804,  305.  For  example — ^The 
diameter,  12  L  W«  Q.,  is  2*65  ^  0-26  »2*8d  lbs.     laU  i  bare« 
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Table  16L— Weight  of  Seamless  Coppeb  T0bw  :  Impjbbiaij 

Calculated  oa  the  bafiia.of 


1884. 

L  W.  G. 
Inches. 


THZCKNESft 


{ 


0000  '  000  '  00  *   0    !   1    '   2  3 
10 -400  0-372i0-34i>,0'324i0-300  0*276  0*252 


Millimt'truti.  UO' 


0-160  9-449  8'889!8-229  7-020  7-010  0-401  5*898  5-886|4-877 14-470 


 1        ,   ^  ■ 

4       5    '   (5    '  7 
0*232  0-212,0'102  0-17(? 


Intenuil 
Diameter. 


Milliin 

171-4 

177*8 

LS4-1 

liK)0 

196-8 

203*2 

200*;'. 

216*1» 

22*2-2 

■  •iL'S-C. 
I  234 -U 
:  241*3 
;  247-6 
'  254-0 

2tHV7 
•273-0 
;  279-4 
2s:>'7 
21«2'1 
.  21«t>-4 
f  804 -S 
i  311*1 
!  317-5 
i  3*23 -b 
I  380*2 
I  330*5 
342*1) 
i  34y*2 
1355-6 


34-60;32-05;29-88|'27-73,25-5l»  •23-4«>  21*35  19 *» JO  17*85  10*12 
36-Sl'33-lS  80*!»S -is 


I 
8 
8j 

s] 

9 

9^ 

9i 

9| 
10 

10| 

JU.^ 
10» 

11 

n{ 

lij 

12 

1)1 
1^1 

12?v 
12| 
18 

13} 

13;'. 

lai 

14 


07 
•05 


H7-02i34*30  31-99 
38"23i35-43i33-04 
»9-44|80*55'84  09  31 

lOMi5  37-08'35-14  32-03]30-12,-27-63|25  10 
I  r,SC.:3S-80i30-20  33-01  i31  •03128-47125 '92 
»3 -07, 39  •93;  37*25 


i5*49i42  ls  n!f3.'i 
40*70]  43 -30  40*41 
47  •91144*43 
49-1 2!  45-56  42-51 


Weight  or  a  Linkai. 


29 
30 


14-76, 
13-28 
15*81. 
16-84 

•29-22!26'86i24'39  22-40  20*42  18*45  lO'SS 


•71  •JO'49  24-29|22-ll 
•09i27*40!2d-13(22-i>7 


28-81  -iS-OOiiS-OS  21*70  l9-78|17-87 


34- 


-59 131-941 29 -30{-2rt-0S 
44 -28 1 41  -051 38*80  35  -57 1 32  '8  4  30 - 1 4  i  27  44 

55|33-7r.  30-97128-21 
53(34  «Um31 -SI '28*97 
4 1  -4(>  38  -51 1 35  57  32  -04 1 29  '73 
•49  36-47)88*48j30-49 
47|37-38  34-81:31  •2.) 
45  3S-29  35-15  32-02 


30- 
37- 


89- 


43-50  40- 
4J 


')0 -33: 40 -OS 
)  1*54:47 -SO  4  \'&2 
52-75148-93  45*07 1 42 
j3-90I50*05  40*72|43 
■)5-U>  5l  is; 47 "77144 
j0*37i52*3O  4S-S3:4r. 
i7*58j53*43  49*8Si4<i 
■)S*79|54*55  50*93  47 

00-  00; 'i.yos  51-9S,48 

01-  21  50*801. )3*0i  49 


43 139*20,35 -98  32*78  30*12 


•41  40-10;36*81 


■39141  -01  37*0:. 


37 
•35 


•31 


41  -92  3S-4S 


42-83 


88  43-73  40-15 


02*42 
03  03 


57*93 


44*04 

•29  45-5*» 
f)4-0l«r'i0-20 


39*32  35 -83 


35 -Oi 


30*5f> 


40 -  Vm  37-35 

41 -  82  38-11 


20-HO  18T>0  l«')-70 
-21 -00. 19  14, 17 -29 


•23-10i*21*0<>  19*03,17*41 
23*81121*7019*01  17*94 
24-61 122-84  20*19  18*47. 

25*21  -22-98  20*77  19*00 
2.V!M  23*03;2r35  19*54; 


•2t)0I 
•27-31 
28-02 
•28-72 


24-27121-93 
•24-91 1*22*51 
•25-55  23-09 
•20-19i23-07 


•>l> -42;  20^83!  24 -25 


38-54  30*82 -28-11 

34-30  31-52  28-75 


-27-47 


24-83 


•20-07i 
-20*60! 
21181 

21-  67 

22-  20t 
22*78 


-25-42  -23  201 


59*05  55*14j51 
04*84  (iO-18  50*19(52 
00-05101-30157-25153 
07-2«K02-43;58-30I54 
)8  '47  (03  •55!59*35j55 
t9-68'64*68  60*40^61$ 


24 

.)0 


20*001*23-80 
32 -23  29 -40' 20 ^58 ' 24 ^33 
32-93,30O4|27^10i24-8O| 
:i8-68i30-ti6  27*74  25«»' 
34-33  31 -32 128 *32l 25 -92 
35  03  31 -90! 28-90] 20 -40 
-20-99 


40-45|42-0o  35-88  35-73|32-liOi29-48 
47*30  43-49  39 '04  30-44  33*24  80*00  27*52 
4S*27(44*33  40*40  37*14  33-88130*64  ^S^Oa 
•20, 49 •I 8  45 •  1 1 4 1  •  1 1 , 37 '84  34*53  3 1  "22  -28 *59 
-18150-081 40-00  41-92;38-54l35-l7,31-80  29*12- 
•10'50-9ii  4d-83;42'69!39-24l85'81 82*38  20-<6i 
*14^1'90  47-07  48-45[39'94  aO*45i8*i-00  80*18, 


:rs7 


.4  -2 -IS 


1-84  '  1-54  1-30 


1-m*  1  0-89  .0-75  ; 

 l_  L 


Me  to  Table. — If  the  External  Diameter  is  given,  subtract 
liineal  Feot  t>£  a  Ck>pper  Tabe  2  ins.  external  diameter, 
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WlBE  Gauge,  1884  (The  Brougbton  Copper  Co.)  {contiaued), 
''^^i^HHc  gravity,  8"  8917. 


8    I    9     '  10 
0-10();U-i44  O'ilicS 
f 


3:251 


11 
2^946 


1-J 
0-104 

2*042 


13     14  ir, 

0'0i<2  0-060  0-07 -J 
2-032  1-820 


2 -33 1 


10  I  IT  I  IS  .  19  1  20 
0-004  O-OoO  0-048  iO-040  !0-03( 


1-620 


1-422 


Foot  in  Pound^l  , 


'13-87  12-01  lO-C.r. 
18-80  12-44,11-04 


9-iVA  S-C.-J 


7-8i> 


14-34|l2-88lu-42|l0-84|  9*25 1  8-17  7*09 
14-83;  13 -32  11-81  10-09  ■  9-67.  8-4:.  7-:M 


0-<>l 
O'SO, 


15-31  13-75  12-20  11-04; 

15-  79  14-191 12 -;')!»  11-39|10"20 

16-  28  14 -02: 12-97  ,  U  '74  L0*51 

16-  76  15-06  18'86  lj.2-09 !  L0-S2 

17-  25  15-49  13-75  12-4  J  11  14 
17-73  15-93  14-13 


s-?:'.  7-').S 

S>-01  i  7-82 

!  9-281  8-06 

I  9-561  8-301 

I  9-84 1  8-55 1 


12-7l»iir4r>il0-12i  S-79 


11-  77 110-40  9-03 

12-  08  (10-68 1  9-27  : 

12-40  10-9')  9*r)l 


118-21  16-36  14-62  13-14 
|l8'70  16-80  Mi»l  13-49 
19-18  17-24  15-30 '13-84 
19-67  17 •» -.7  15 -r>,s  14-20  12-71  1 1  "23  l»-7t> 
2Q'15il811  10-07  14-5o  13  03  , 11 '51  IIO'OO 

14-  90 

15 -  25 
\rn\o 


5-  94 

6-  16 

6-  38 

»;-oo 

('.-SI 

7 -  03 
7-25 
7-47 
7-68 

7-  90 

8-  12 
8.-34 
S-55 
8-77 


4l09 
I..  ^ 


SO^eS  18*64116-46 

21-1 2' 18 -OS  Hi -S  I 
21-60  19-41  17-j:: 


13-84111-79110-241 

13-Ot;  12-07  10-isi 
13-97  12-34  10-72 


5  "28  4-01  3'9r> 
,  5-47  i  4-78 

5-  66  4-95 
I  5-86  !  5  12 

(i-Of)  '  5-29 
I  6-24  I  5-44) 

6-  44  \  ... 
I  6-63  '  ... 
'  6-82  •  ... 

7-  02  ... 


.4  • 


i.. 


-22  08 


19-85  17-02  15-9.j  14-28  |12 -62 


16-  30 114^  112^90 1 

16m;-.  14-91  1 3 -IS 

17-  00  l.*)-23  13 -iC 


82^67  20-28!18-01 
HBK)5  20-72  18-39 
28-64  21-16  18-78 
2J4r02  21-59  19'17  17-35115-54  : 
JUrfiO  2^  19*55  17-70  |l5-86 1 
jMr99  22-46  19-94  18-05  1«5-17 
25-47  '22-!»0  20-3.-;  18-41  ;10'49 
|25-90  23-33  •20-72  18-76 
'26-44i28-77!21-10: 19-11 
2il-92  24-20  21-49  19-46 
27 -41 


•  •  • 

•  •'v 

• 

I 


•  • •       i        vt  • 


•  •  •    ^  • 


0-62 


0-50 


21-88 

19-81 

0^40 

(►•33 

0"2(i 

0-20 

015 

0-12 

+ 


0-10  1  0-OS  0-06  I  0-04   O  Oi 


number  at  bottom  of  column  ;  for  exam[>le — The  Weight  per 
12  I.  W.  G.,  is  2-65 --0-2()= 2-31)  lbs.  y,  full;  b,  bare. 
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MAXUFAqCUBBD  MIBTAL8. 


Table  162.— Weight  of  Seamless  OoppBit  Tubes  : 

Calciilat^d  on  the  basis  of 


B.  W.  G. 

Inches.  ^ 

Millimetres. 


Internal 
Diameter. 


Inch  eg. 


2 


Millim 
3-2 
6-3 

9-5 
12-7 
15-9 
19-0 
22*2 
25-4 
28  Ti 
31-7 
34-9 
38-1 
41-3 
44-4 
47 -t) 
50-S 
54-0 
57-1 
00  *3 

(JO '7 
69-8 
73-0 
7«5'2 
82-.') 
88-9 
95-2 

loro 

107-9 
114-3 
120-6 
127-0 
133-3 
139-7 
146*0 
152-4 
>5'^-7 
1C5-1 


ThK  KNES.S 


000 


10-79 


00 


3/ 

9 -65 


8-64 


1 


3  4 

0-4-25  0-380  0-340  0-300!0"284  0"259  0-2i 

\f 
6-58 


7-0217-21 


238  0 


6-04 


•Weioht  of  a  Likbal 


3-18  a-ss 

8-47! 


4-11 

4-  7flJ 

5-  401 


8-  87 

4-  55 

5-  24 
5-93 
0-01 
7-30 
7 -991 

sail 

9-  36|  8*61 

10-  04.  9-25 
10 '731  9-90 

11-  42,10-54 

12-  10  11-18 


2-  90 

3-  47i 

4-  041 
4-l>2. 


6*04i  5-10 

6 -  OS'  5-77 

7 -  331  6-34 
•97 


12-  79 

1 3 -  48' 


1-  91 

2-  43 

2-  94 

3-  45 

3-  97 

4-  48 
500 

5-  51 
a  03 

6-  54 

7-  05 

7-  57 

8-  08 

8-  CO 

9-  11 
9-62 


6-92 

r-49 

8-  07 
S-i'A 

9-  22 
9*79 

11-  82  10-37 

12-  47  10-94 
1416  13-11  ll-5-2:10-14 

14-  85  13-75  12-09|l0-63 

15-  54  14-40  12'0t)  11 '17 
K5-22  l5-04i  13 '24111 -68 

16-  91  il5-6.S  13-81112-20 

17-  60  Ui-32|l4-39|12-7l 
lR-2Sj)«'. -97, 14-96  13-22 

18-  97ll7-6l!l5-54  1374 


>0-34il8-89 
21-72r20-18 
>3-09:-21-47 
24 -46122 -75 


25-84 

27-  21 

28-  58 

29-  9'-) 
U-33 


16-09,14'77 
17*84'l6-79 

18-9916-82 

20-  1317-85 

21-  28  18*88  16 

22-  4319-91 

23-  58  -20-94 

27-8'.)'24";?  21 -Of' 
>9- 18, -25 -88  22-99 


24-04 
•25-32 
•26-61 


J2-70!30-l*  l->7 -03  24-02 


H-07 


3 1-75!  28-18  25-05 


j5-45  33-0^129-33  26-03 
51-^2 

JS-19  35-60 


34-3 ''  30-48 -27-11 
31-68  28-13 


1-  54 

2-  00 
2-45 

2-  90 

3-  361 

3-  81 

4-  26 

4-  72 

5-  17 

6-  62 

6 -as 

6-53 

6-  99 

7-  44 

7-  89 

8-  35 

8-  80 

9-  25 
!»'71 

10-  62 

11-  07 
11-52 

11-  98 

12-  88 

13-  79 

14-  70 

15-  61 
51 

17-  42 

18-  33 

19-  23 

20-  14 

21-  05 
•21-90 
J2-SC 
23-77 
•24-6S 


l-4oi  l-2ol  1-041 


1-  83 

2-  26 

2-  69 

3-  12 
3-55 

3-  t)S 

4-  41 

4-  84 
5  "27 

5-  70 

6-  13 
6-56 

6-  99 

7-  42 

7-  85 

8- 28 

8-  71 

9-  14 
9-56 
9-99 

10-42 

10-  85 

11- 28 

12-  14 


14-  72 

15-  58 

16-  44 

17-  29 

18-  15 

19-  01 


1-59 

1-  99 

2-  38 

2-  77 

3-  10 
3-55 

3-  94 

4-  34 

4-  73 

6-  12 

5-  51 
5-90 
6^ 
6*69 

7-  08 


1-041  Oi>2'  O-SO' 

1-401  1-25  1-11 
'  1-58!  1-42 


1-  76 

2-  12 
2-48 

2-  84 

8  "20 
8  •56 

3-  92 

4-  28 
4*04 

5-  00 
5-36 

5-  72 

6-  08 
6-44 


7-47i  6-80 


7 -  84* 

8-  25 

8-  64 

9-  04 
9-43 
9-82 

10-21 
10-99 


13-00  11-78 


13-8612-56  11-48 


13-  34 

14-  13 

14-  91 

15-  60 

16-  48 

17-  26 


716 

7-52 

7-  88 
8*24 

8-  60 

8-  96 

9-  3-2 
10-04 
10-76 


1-  92,  1-78 

2-  261  208 
2-5Si  2-34 

2-  91!  2-66 

3 -  25!  2-95 

3-  58  3-26 
8-91;  3-57 

4-  24!  3-87 

4-  58!  4-18 
4*911  4-49 
5'S4|  4*80 

5-  58.  5-10 
5*91  5-41 

6-  24  5-72 

6*67!  e-ea 

6-  911  6-33 

7 -  241  6-64 


19-87  18-04 
•20-73  18-88 


7-57  6-94 

7-  90  7-25 

8-  24  7-56 

8-  571  7-87 

9-  23  8 -48 
9-90  9-09 

10-57|  9-71 
12-20  11-23  10-321 

12-  92  11-90,10 -94 

13-  04  12-56lll*66 10-19' 
14'3iJ13-2.'M2-16tlO-73| 
15-0  '  13 -SfM 2*78111 -28! 


0*66. 

0-  l>4 
1  -21  • 

1-  48 

1-  75' 

2-  02| 
2-80' 
2-571 

2-  84i 

8ni« 

3-  39 
3-6(5! 

3-  93< 
4^ 

4-  47' 

4-  75 
502; 
6-29i 

5-  56, 

5-  84. 

6-  11' 
6-3Si 
6-65! 

6-  92 

7-  47. 

8-  01) 

8-  56, 

9-  10 
9-65 


15-  80 

16-  52 

17-  24 


14-  56  13^39  11-8-21 

15-  22  14-01  |l2-87 
15-89  14-62112-91' 


21-  59  19-61il7-96  16-55|15-23)13-46» 

22-  45  -20-39  18-68  17-22  15-85,14*00; 

•23-81  21*18  10-40  17-88  16-46'l4-6fii' 
I     •  i       *      >  i   •  * 


]\'ofr  to  TahU. — If  the  External  Diameter  is  j^iven,  subtract 
The  Weight  per  Liueal  Foot  of  a  Copper  Tube  2  ins.  external 
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BiBMiNaHAH  WiBE  GAUGE  (The  Broughton  Copper  Co.). 
the  specific  gravity,  8-8dl7. 


OF  COPPKU. 


11  I  12  PTs 
0-120  0-1  Oi»  0-095 

3-05   2-77  2-41 


Foot  ik  Pounds. 


0-58 

0-  83 
108 

1-  33 
1-58 

1-  83 
208 
•2-32 
2*57 

2-  82 
3  07 

3-  32 
3-57 
8-82 


I  ■ 


0-40 

0-71 

0-  94 

1-  16 
1-38 

i-<a 

1-  S3 

2-  0,0 
2-28 
2*50 
2-73 

2-  l»5 

3-  17 
3-40 


0-42 
0-<>2 

0-  82 

1-  03 
l"23i 
1-43 
l-«".4 

1-  S4 

2-  04 
2-24 
2-45 
2-0') 

2-  8;') 

3-  05 


4-07'  3-C.2'  3-2(> 
4-32  3-S5,  3-4() 


4*57 
4*82 

5-07 
5-32 

5-5; 


4-07  S-tiC 
4-29  S-86 

4 -52'  4-07 
4-74;  4-27 
4 -901  4-47 
6*82|  5*19  4-07 
6-07  5-41]  4-88 
6-321  5-04.  5-08 ; 
.  d-82l  6-08i  6-49. 
1  7-32  fi^ftS'  5-89 
i  7-81;  «-9S,  6-30, 
'  8-311  7-431  rt-70: 
,  8-81|  7*87 
1  9-31  8-32 
i  0-81  8-77 
10*31  9-22 

10-  81  9-m 

11-  31.10-11 
ll'81il0-5() 

12-  31  ill -01 
;  12-80  ir45|  10-35 
113-30  11  •90110-751 


7-11 , 
7-51 1 

7-  92 

8-  32 

8-  73 

9-  13 
9-54 
9-94 


number  given  at  bottoui  of  column,  pages  808, 309.  For  example — 
diameter,  12  B.  W.  G.,  is  2-78    0-29  =  2-4i>  lbs.  /,  full  ;  bare. 


X  2 


uiyui-n-u  Ly  GoOgle 
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MANUFACTURED  MBTAIiS. 


Tabls  162.— Weight  of  Seamless  Ooppeb  Tubes  :  Bibmiko- 

  Ca3m«ed  on  the  l^iasis  oT 


B.  W.  G. 
Inches. 

}tl  illimutres. 


iDternal 
Diarrieter. 


,    i     W  <  ,•»  j  W 


liii-hes. 
^  1 

T  JT 

8 

Si 

8.V 
8| 
1) 

10 

101 
lOi 
10^ 

11 
112 

12 

12] 

12}. 

in 

13 

13j 
13| 
.14 


I 


Milliu), 

171-4 

ITT-S 

184-1 

190*5 

I96*8 

203-2 

209-5 

215-9 

222-3 

235-0 
241-3 
247-7 
254-0 
200-4 
2l>t>-7 
273-1 
279-4 
285 -8 
292-1 
2!>8-5 
304-8 
311-2 
317-5 
323-9 
330-2 
33(5  T) 
342-9 
349-3 
365-6 


Weight  of  a  Lu^^^ 


It 


12-31 


I        t        I        1        '  . 

39-  67  S6-89'32-78|29-16 25-69124-17  21  •90'2012jlS-55'l7-07  15-09 

40-  94  38-18'33-93  30a9  2()-49  2:)-03  22-74  20-84  19-22'l7-ti9  15-63 


39-4(;  3n-08  31-22:27-40 


43-09.40-75  3u-22:32'25  28-31 


25-88  -23-53  21 -5<)  19-88  18-30  16-18 


 ,  -  20-74  -^4-31,22-28  -iO'oo  18-92, 16*72 

45'06|42-03l3T-S7  33-28  29-22  27-«)26-09i23-00  21-21 19-53^17*27 

46*43  43-32  38-52  34-30  30*12  '28-4(1  25-88  23-72  -21*88  20-14  17-81 
47 •80U4-(".0'39-07|35-33  31-03  29-32  2G*66'24*44  -22-54  20-76  18-36 

49-  18  45-89|40-S2|36-3til3r94  30-18,27-44|25*16  23-21,21*37 18*90 

50-  55l47*17|41  •97,37*39'32-84  31'04  28-28l25'88|28-87!2X'99,19-46 
.1  -!i2'48-4()  43-12'38-42  33-75'31 -90  -29-01 120-()0  24*54  •22*r>0  19*99 
■|3-30.49-74'44*27  39*45  34-6(1  32 •7(i  -29-79,27*32  -25-20  23*21  20-53 
54*67151-03145-42  40-47|35-57  33-61  30*58  28*04  25*87  23*83  21  OS 
56'04l52-31  46-57  41-60  36-47  84-47  31-36  28 '76, 26 -63^-24-44  21*62 
57*42'53*(;0'47*72  42*53'37-3s'35-33'32-14  '29-48  27-20  -25-06  22*17 
58-79*54-89  48-87  43'5(;[38 '29  36-19.32-93  30-20  -27*87  -25*67  -22*71 
00*16,56-17  50*02  44*59  39**20  37*05i33*7l:30*92:'28*53  •26-2S;23*26 
61-54«57*46  51-17  45-61 


62 'iH  5S-74 
64*28  (50*03 
65*65  61-31 
67-03|62'(»0 
6S-40;()3-88 
69 -77 '65- 17 


40 -10  37  -91 134-49 '31-64  29  20  26 -90, '23 -80 
52-31  |4I)*(>4  41  -01  |3S-77  35-28'32-3i>i'29'86!*27-51  24-34 
r.3-  |f.|  l7'<;7  41  •l>2;39-t!3  3(;-0('  33-08  30*53'*28*13|'24*89 
54  -r,l  48*70  42-83  40*49j36-84  33*80  31  •19;*28 -74125-48 

55-  76  49-73143-73  41-35'37-63  34-52  31 -861-29-85  25-9g 

56-  J>]  50-7C.  44-64  42-'20  38-41 '35 -24'32'52''29-97  '26-52 


58 -OH '5 1-78  45-55 


l-15;66-45  59-21  i52-81  4t>-45  43-92;39-98 


43 -06, 39 -19 


72-52i67-74'00*36'53-84  47-8«  44-78I40-76  37*40  84-52  31-81  28*16 


73-89  ('^9-02  61-51  54-87  48-27  45-()4  41-54 
75*27  70*31  (;t.>M".(V55-90  49*18  4t)*50  42*33 

76-(>4:71-59:63*81  56*93  50*08  47*36,43*11 

•J 


( 


4-37  '3*4!'   2 -SO   2- is 


35*96  33-19  30-58  '27*07 
36*68  33*85  31*20 '27*61 


78-01l72-88'(i4-96  57-95!50*99  48-22  43*89  4Q-27|37*18  84-27  30-33 
79*39  74-l7'66'lll58 -98  51-90  49-08  44*68  40-99137-86  34-88  30-88 


1  -P'   1-(V2  1-37  1-17 


38-11  35*18  32-42  '28*70 
38-83  35*85  33*04  '29-24 
39*55  36-52  33-65l'29-79 


1-00  0-78 


Note  to  Tahle.—li  the  External  Diameter  is  given,  subtract 

pet  Lineal  rootj)f.^c^    ?uke^iss^ia<^mft]i  djamfiterp 
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1 


HAM  Wire  Gauge  (The  Broughton  Copper  Co.)  (continued). 
the  specific  gravity,  8*8917  -   -  -  -  f 


OF  Copper. 


9  10 
0-165  0-14SJ0-134 

«14  "  J     iiT  " 

4-19  3-7<3  3-40 


11  12 
0-120  O-lOli 

3-05  2*77 


13 
O-OlKj 

2-41 


14   I  15 
0 -063 ,0-072 


2-11 


1-S3 


1(5 
0-0()5 
1  <t  J 


Foot  in  Pounds, 


13-  80  12 

14-  30  12 

14-  8013 

16-  30  13 

15-  80  14 
l(V30  14 
10-80  15 

17-  30  15 
17*79  15 

18-  29  !♦} 

18-  79,16 

19-  29;i7 

19-  79  17 
-20-29  18 

20-  79  IS 

21-  29  19 
•21*79  19 
-22-29  19 
22*79  20 
23  •2S  20 
23*78  21 
24 -28  21 

24-  78  -22 
•25-28 -22 

25-  78-23 
•26  "28  23 

26-  78-23 
•27 -28  -24 
•27*7Si24 
•28*27  25 


35  11-16 
80  11-56 
-25  11-97 
-69 1 12 -37 
-14i  12-78 
•59  13^19 
•04  13^59 
-48  14-00 
•93: 14^40 


r 


I  9-97'  9-04 

|io-:m 

!  10-70 
ill-0i'» 
lf42 


•88 
-S3 
•27 
•72 


14-  81 

15- 21 
15  ■()2 

16-  02 
17;i6^43 
621UV83 
06  17*24 


51 
96 
41 


0-66 


17-  64 

18-  05 
18^45 

•S5|18^S6 
•30il9-2<i 
•75  19-67 
-20  20-08 
•«-»5'20-48 
-091-20-89 
•5}  21-29 
•99  21-70 
•44  22-10 
•88  22-51 
•33  22^91 


11-  79 

12-  l."i 

12-  51 
12*88 
13^24 

13-  60 

13-  96 
14*33 

14-  6<> 

15-  05 
15-42 

15-  78 

16-  14 

16-  51 
H*r87 

17- 23 
17-51> 

17-  96 

18-  32 

18-  68 

19-  05 
19-41 
19-77 
•20-13 
•20-50 


9-70 
10-03 
10^3«> 

10-  <>9 

a -02 

11-  35 
1 1  -6S 

;12-01 

12-  34 

112-  67 

113-  00 

13-  33 
13*61) 
I3'in> 
14*32 
'l4*«'.5 

14-  !»8 
15*31 
15T,4 

15-  1»7 
ir»-30 

;ir.-6;{ 
'16-!>|> 
1' 


7-87 
S'15 
S^44 
8^73 
9^02 
9^:i0 
9-51> 
9-88 
10^16 
10-45 

10-  74 
ir03 

n^60 

11 -  ci!* 

12-  18 

12-  4() 
12*75 

13-  04 
13-33 
13-61 
13-90 


7-11 
7-36 
7-r»l 

7-  8() 

8-  12 

8-  37 
8^62 
s-87 
9^12 

9-  37 
!)-ti2 
9-.S7  I 

10-12 
10-37 
I0-(i3 

10-  88 

11-  13 


5-  «>4 
()-16 

6-  38 
6-5!> 

r»-si 

03 


•25 


47 
<»S 
!)0 
S-12 
8-34 
S-55 
S-77 


5-36 
5  "55 
5-75 

5-  95 

6-  14 
6-34 
6-54 

6-  73 
r.-93 

7-  13 


78 
t»5 
•13 
*30 
-48 
65 


4-03 
4-18 


0*53   0^43   0-35  ;  0-2'.»  '  0-22    017    O  TJ  j  (VlO  .  0*0S   0*06  t  0*01 


0-03 


number  ^^iven  at  bottom  of  column  ;  for  example — The  AVeight 
12  B.  W.  G.,  is  2*78-0*29  =  2*49n)S.    /,  full ;  bare. 
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Table      — Coppek  Nails  and  IUvkts  :  t^iZE  and 

Weight. 


• 

Description. 

Gauge. 

Length. 

weight 

No. 

Iii('h»*s. 

I^b,  Oz. 

Copper  nails,  wrought,  clench,  liiir-  ( 

18 

1 

2  1) 

bead,  full  couiitcrsank       .      .  | 

18 

o 

2  15 

•J 

12  . 

u 

4  8 

11 

13 

4  1? 

11  . 

If 

7  8- 

It 

ir  • 

2 

•  S  8 

10 

2i 
2§ 

o 

1^  12 

•  4 

li 

la  -0 

11 

10  10 

Q  ' 

17  in 

ir  4 

■ 

g 

25  r8 

■  •                                                                                  m  ■ 

•8 

28  -  .0 

^  8 

3  A 

29  1*2 

'  t  » 

3J 

36  \) 

•  * 

-  (» 

4 

48  8 

.  (•» 

4i 

nTr  4 

4 

82  12 

• 

"                                           •  a 

•  8 

lOS  0 

i  -  -  3.  - 

119  0 

■                                               ■  ^ 

r  4- 

0 

107  12 

7r 

^  8 

* 

1  7 

18(5  12 

»« 

7.} 

140  4 

• 

»• 

8 

189  0 

•  * 

•  2 

mi  0 

iSpike  die-head3,  with  fiat  points 

.  12 

4  12 

>»  • 

:  10 

u 

9  8 

»J  91 

•  If 

.2 

12  0 

:  7 

2i 

VJ  10 

t  '  4 

3 

30  0 

48  0 

2 

84  8 

Eoi^erheacls.  with  flat  points  . 

4 

I  y 

n                        ,,*•..'   i  l'"^ 

1 

2  4 

18 

U 

8  0 

•  • 

12 

'i 

4  (i 

'  : 

10 

H 

0  8 

i  '\(^' 
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Table  165.— Oqppkb  Nail^  and  Kivets  (contifivedX 


3)6aQription. 


Bo8e-head8,  with  flat  points'  . 


Clasp  • 

« 

»>  • 


9» 


Cut  copper  nails,  bmds,  billed  .  ' 


99 
» 

51 


99 
93 
99 
99 


Lightiiiiio:  conductor,  couuteisuuk  i 
heads,  and  flat  points,  jagged  .   .  | 


91 


Scarf  tacks,  8quai*e  flat-heads,  with  j 
sharp  points        .      .      »      . ) 


I 


99 


Slating 

Coppersmith *8  riveta,  flat  pau-bead 


99 
99 
99 
99 
» 

99 
99 
99 
>• 
99 


9f 

99 
99 
99 
99 


snap-hea^Q 


M 
99 

99 


Gauge. 


Xiength. 


No. 

.  8. 

8 
6 

o 
4 
3 
2 


G 
5 
4 
3 
1 
1 
1« 
1() 
1(5 
15 


I 


4 

7 
10 
11 

12 

Inehe.s. 

•1 

7 

t 


IS 

} 

1 

7 

u 


Weight 
per  1,000. 


Inches. 
2* 

» 

4 

H 

mm 

O 

2 

.  I.. 

*  A 
8 

f 

•  1 

^ 
ii 

2 

2* 

2i 

8 

i 

»  •  • 

i 

1  ! 


Lb.  Oz. 
16  U 
19  8 

30  0 
42  8 
53  12 
71  0 
1)3  U 
13  0 
9  0 

4  0 
2  10 

0  10 

0  12 

1  10 

2  4 
3;  12 

5  8 
1 U  8 
15  U 
18  8 
2(>  0 
40  0 
52  0 

0  i) 

0  11 

1  1 
1  (> 


22  4f 

13  12 
9  12 
6  14 
8  0 

1  4 


118 

102 
71 


0 
0 
0 
0 
0 
0 


i 
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Table  165.--CoyPEB  Nails  and  Rivets  CeontiwkfeSy. 


•  Beserlption. 

Weight 
per  1,000. 

No. 

Indies. 

Lb. 

Oz. 

Qoppeismitii'sriyets 

,  tinned  for  botes-** 

- 

» 

hose  No.  1 

.  8 

f 

4 

8 

hose  No.  2  . 

7 

X 

10 

.5 

12 

hose  No.  3  , 

7 

8 

6 

8 

n 

hose  No.  4  . 

7 

9 

7 

4 

hose  No.  4 

7 

11 

8 

4 

» 

washers  for  do. — 

>» 

hose  No.  1    .  . 

.  a  • 

.  •  a 

2 

4 

•  >» 

hose  No.  2  . 

.  »  * 

2 

12 

jj 

hose  No.  3    .  • 

'  .  >  * 

2 

12 

»> 

hose  No.  4  . 

... 

... 

3 

4 

*  Brazed  Copj)cr  tuhes  wei^^li  nioi'c  per  iiiieai  foot  tbau  seam- 
less tubes.  An  exact  general  multiple  caiiiiut  be  given,  as  the 
proportion  of  difference  varies  with  the  thickness,  the  diameter, 
and  the  kind  of  brazed  joint. 

I  Mandrel-drawn  brazed  Copper  tubes  weigh  the  same  as 
Seamless  tabes. 


.Table  1G6.~- Sheet  Lead:  Weight  pee  squabe  foot. 
j   Usual  size  of  Sheets,  32  feet  x  7  feet. 


^Weight  per  1  Thickness 
Square  Foot.  imcKiiess. 

Weight  per  Thickness 
Square  Foot.  inickness. 

Pounds. 

3 
Si 

4i 

5 

Inch. 

•042, or  A 
•051  or  i  full 
•059 

•067  or  ^  fall 
•076  or  A 
•084  or  A  f  uU 

Pounds. 
5J 
6 

H 

7 

71 
.  8 

Inch. 
•093  or  ^  full 
•101  or  ^ 
•110  or  i 
•118  or  ^ 
•126  or  I  bare 
•135  or  ^  fuU 

j     Table  167.--Sheet  Leaix  Fbengh  Pbactioe. 
iJsnal  size  of  sheets,  2*80  metres  and  3*88  metres  wide,  8  to  10 
i^etres  long  (9  feet  2  inches  and  12  feet  9  inches  wide,  26  feet 
\                         to  33  feet  lon^). 

Thickness. 

? 

Weight  per 
Squsce  Metre. 

Thickness. 

"Weight  per  i 
Square  Metre.  | 

MiUimeti*es. 

i  1 

Kilogrs.  or  Lbs. 
11-25  or  24-8 
17-00  or  37-5 
22-70  or  no-l 
28-40  or  (;2-() 

Millimetres. 
3 
4 
5 
7 

KiluLii-s.  or  Lbs, 
84-UO  or  75-0 
45-40  or  100-1 
5<;-80  or  125*2 
71)-50  or  1 75-3 
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^-Tabm  168,— Solid- Drawn  Lead  P^PBS-a  "Lsm^u  and 

Weight. 

(Walkera,  Parker  Sc  Co.) 


Bore. 


Len^h. 


Inches. 

!  Feet. 

8        '        1  Jx 

15 

1 

15 

i 

16 

f 

15 

n 

15 

15 

.  1 

15 

'  H 

1  w 

15 

-  ft- 

n 

12 

12 

•  2 

12 

12 

1  2* 

10 

1  2f 

10 

•  8 

10 

10 

10 

10 

10 

10  . 

!  « 

.  10 

Wei^ts  of  One  Ltugtli  for  Various  Thicknesses. 


Pounds. 


4  - 


•  1'^ 

10,  15,  20 
10,  15,  1>(I.  25 

14,  15,  K;,  18,  20,  22,  25,  27,  30,  35 

•  16  18  20,  22 

17,  2l]  2o]  80,  85,  40,  45 

22,  24,  2G,  26,  32,  3G,  40,  45,  50,  55 

28,  8(> 

80,  80,  42,  45,  48,  52,  56,  60,  64,  70 
42,  52,  60,  68,  76 
■  28,  86,  42.  48.  52,  60,  64  " 
28,  86,  48,  56,  60,  72,  84,  .% 
60,72,84,96 

86,  56,  72,  84,  96,  112,  120 
100,  182 

60,  70,  84,  96,  112,  120 
100 

100,  112,  120,  180,  140.  150 

112,  180,  150,  160,  180' 

140,  160, 170,  200,  220 

140,170,^820 

150,  220,  250 

220      ,  : 

220 


I .. 


Drawn  Soil  Pipe. 


n 

10 

3 

10 

H 

10 

4  . 

10 

4i 

10 

10 

10 

6 

.  ,10 

«  1 

•  • 

86.  45.  60,  70 

45,  58,  6()|  68,  74,  80 

52.  (;o,  70,.  90 

56,  (;(),  70,  80,  100,  112 

70,  80.  1)0,  100,  112 

75,  .S8,  100,  112 

90,  106       •  ' 

90, 106 
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Drawn  Square  Soil  Pipe. 

Bore, 

Length. 

Weights  of  One  tiength  for  Various  Thicknesses. 

Inches. 

Feet. 

Ponnds. 

10 

GO,  80 

4  X3 

10 

80, 100 

Composition  Pipe  (Lead  and  Tin). 

7  \ 
16' 


Diameters,  inches  .     j^,  f^, 

^'^uTfe^"'!''  •     [«^«'       22".       ^•-'".  120.  [ 
Diameters,  inches  .  ^g,       |,  i,  1,  li    f  each 

^^y,^f«ti  on   100,90,  70,70,  60,  50,40   j  ''^^ 


J 


T 


Table  109. — 'I'm  Plates:  Dimensions  and  Weights. 


• 

Number 

i  Dimen- 

1 of 

Weight 

Description, 

Mark, 

sions  of 

1  Sheets 

of  Aach 

Sheets. 

in  a 
Jiox. 

Box. 

IC 

Incites. 

Sheets. 

j  founds. 

Common  No.  1 

'  14X10 

225 

108 

Cross  No.  1       .      .  . 

IX 

14X10 

225 

136 

Two  crosses  No.  1  ,      .1 IXX 

14X10 

225 

157 

Three  crosses  No.  1  •  . 

IXXX 

14X10 

225 

178 

Four  crosses  No.  1 . 

rxxxx 

14X10 

225 

199 

CkMaamon  No»  1  .      •  .. 

10 

14X20 

112 

108 

Cross  No.  1  . 

IX 

14x20 

112 

186 

Two  crosses  No.  ]    .  , 

ifXX 

(  14X20 

112 

157 

Three  crosses  No.  1 

IXXX 

14X20 

112 

178 

Four  crosses  No.  1    .  . 

IXXXX 

14x20 

112 

199 

:  Common  No.  I 

IC 

28X20 

56 

108 

Cross  No.  1  ... 

IX 

28X20 

56 

136 

:Two  crosses  No.,  1  . 

IXX 

;  28X20 

.56 

157 

Three  crosses  No.  1  .  . 

IXXX 

28X20 

56 

178 

Four  crosses  No.  1 . 

IXXXX 

:  28x20 

.56 

lOi) 

Common  No.  1  .      .  • 

IC 

12X12  , 

225 

108 

Cross  No.  1  . 

IX 

12X12 

225 

i;^6 

Two  crosses  No,  1     .  . 

IXX 

!  12X12 

225 

157 

IXXX 

;  1^12 

- 

^178 

TIN'  VLATKtS.  '   '  33ft 


Table  169.— Tin  Plates  :  Dimensions  and  Weights 

(eontinneS), 


Number 

Dimcii- 

of 

Weight 

Besoriptigii,  . 

Hnrk. 

.sioiis  of 

Sheets 

Of  eacli 

Sheets. 

in  a  . 

Box. 

- 

'  Box. 
1 

1 

1 

■ 

Inches. 

iSheets. 

Pounds. 

r')ur  crosses  sso»  i  . 

I A  A  A  A. 

12X12 

225 

199 

vOiniiioii  QOuOiw  * 

17X12^!  100 

94 

vJXOSS  uOQUieS  • 

1*7  V  1  9J 

IVv 

122 

TWO  cross  jciouDics  . 

H7  V  1 91 
IV  X  l^j 

inn 

148 

i  OTee  cross  ciuuDjes  .: 

TIYYV 

1 1?     1  Ol 
ll  X 

lUv 

164 

r  our  cross  aouOieH  . 

UA  AAA 

If  Xl-^2 

lUv 

185 

vOmmon  •  QouDis 

Tin- 

1 7  \/  OA 
If  X^*> 

ou 

94 

VTOSB  OOaDiGS 

JlaA 

if  X^o 

on 

}22 

1  WO  cross  QOuDlcS  • 

TlY  Y 
■UA  A 

1  f  X^o 

ou 

143 

lores  cross  uouDJQs  *  • 

"HYYY 

1  f  X  iS4> 

aft 
ou 

164 

r  our  cross  aouDies   •  . 

TlYY  Y  Y 
JJA  AAA 

1 1' VOR 

11  x^«> 

oo 

186 

uomnityii  ciouDies  .    .  . 

Six  2^ 

25 

94 

UrOSS  CI0UD168     .         .  . 

122 

Two  cross  clout)! es  . 

DXX 

f  34X25 

tf 

143 

Three  istosb  doubles  .  . 

DXA  A 

U  X  25 

25 

164 

Four  cross  4oublcs 

DXXXX 

84x2.-) 

25 

185 

Small  common  doubles « 

SDO 

15X11 

20U 

ir,7 

iSmall  cross  doubles  .  . 

SDX 

loXll 

201) 

1S8 

Small  two  cross  doubles. 

SDXX 

15X11 

201) 

201) 

Small  three  cross  doubles 

SDXXX 

15X11 

200 

280 

Small  four  cross  doubles 

S  DXXXX 

15X11 

200 

251 

Small  common  doubles  . 

SDC 

15X22 

100 

1(>7 

Small  cross  doubles  .  . 

SDX 

15X22 

100 

188 

Small  two  cross  doubles. 

SDXX 

15X22 

100 

201) 

Small  three  cross  doubles 

SDXXX 

15X22 

100 

230 

Small  four  cross  doubles 

SDXXXX 

15X22 

100 

261 

,  j\^ote, — ^The  weights  of  the  cro3S-markod  boxes  advance  at 
tbe  rate  of  21  pounds  per  Cross. 


Table  170, — Block  Tin  Pipes  :  Weight  peb  yabd. 


Bure  . 

J-  J' 

h  1 

inch. 

\Veii2:ht  . 

7  < 

K  11,  14,  17,  28,  80, 

88,  48 

ounces. 
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Table  171.— Zinc  Sheets  :  according  to  the  V.M. 

Zinc  Gauge. 

(Vielle- Montague  Company.) 


V.  M. 

Uuuge 


2 

4 
5 

G 

t 

8 
9 

10 
11 
12 
13 
14 
15 
10 
17 
18 
If 
20 
•21 
22 

2n 

24 
2o 
20 


Approximate 
Thickncis. 


5^: 


0*004 

•00(5 
•007 
•008 
•010 

•on 

•uiH 
•Olo 
•018 
•020 
•028 
•U-20 
•029 

•on2 
•0:i8 

•043 
•04J> 
•053 
•0")S 
•o.;s 
•070 
•077 
•0S4 
•01  >  I 
•098 
•106 


C  9  0  :i  » 

Ml  ^   12   ^  1^ 


0.100 

•141 
•171 

•2oy 

"247 

•*2l»l 
•:{:}7 

•450 

•500 
•580 
•tJHO 
•740 

•8-JO 
•1>.')() 

i^o^o 

1*210 
1-840 

1-  470 
1  -(iOO 
IT.SO 

Vim 

2-  140 

2-;;20 
2-:.00 
•i-680 


Ai'pntx 
iinatt 

.  pur 
Square 
Foot 


ac 


o  5  i 


2  5 

a 

3  1- 
413 
511 

611 
7  12 
S  14 
...!10  5 
..,11 
..13 
..|15 
1|... 

I  ;   2  12 

I  I  5  12 

II  812 


...I 


1  111  11 

1  il4  11 

2  1  in 

2  4  10 
2    8  12 

2  '  12  14 

:>  3 

0  5 

3  13  7 


36in.x72in 


T 


A|»prox-;  *-x 
Weight !  \it  S 


Sheets. 


a.  wi  « 
s  I  5  .« 


5^ 


^{^}fi|about 


3()in.x84in. 


Approx-i  g*. 
imate  '  — ^ 
Wei^'ht  Ui^ 

of  ^i*; 

Sheet8.    i"*  X 

— _„!  |J 


5|S|abqut 


36iii.x96in. 


Approx- 
imate 
Wei|fht 

Sheets. 


5^5 

5? 


.5    «  c 


} 


Nofl.  1  and  2  are  only  rolled  to  ofMef 

niul  spei'ial  diiiieiiHionSi 


4  ni4  249 
J  lilO  2i)4 


(5  172 

8'  Gl  14ti 

8  11'  81  1-20 

9lir),12|  110 


11  9  10 

I2'i:^  14 
14  15  10 


17 


15119 

21 
24 


01  4< 
014 

1  8 

7'  8 


•27  13  8- 
31'  2  6. 
34  8  0 
37  1 4  «! 
41   3  4' 
45  13  8 
50|  712 
55'  3'  2 
59  13  () 
i  'A  710 
69  114 


95 

S6 
74 
65 
57 

52 
45 
39 
35 
31 
29 
27 

24 

oo 

20 
18 
17 
16 


5  2  Uj  213 

t)|   5    1;  175 

7|  7:  7,  J47 

8  12'  7  )'2i\ 

10  212  108 

ill  101  tij  93 

13|  8!  9]  81 

15       3'  73 

17  7  9|  (J3 

19 13.10  56 

'22,  Sjll  60 

24  9,12  45 

25  8*1*2  39 
32  7|12i  34 
36,  5j  7'  30 
40  4!  7,  27 
44  3'  7  25 
48  ll  2  23 
53-  7.12,  21 
5814  6|  19 

&  5  17 

09  12  15;  i«; 

75  3  9  15 

8010  8i  14 


f 


5  14 

'i  ^ 
8'  8 

10'... 


81  387 
8.  163 

8  m 

S  110 


11  10  ... 
13i  6u..| 
15'  7'8' 
17   2  8  ' 
19  15  8 

22;11  ,.. 

251  6  81 
28  2;...! 
32  10  ...! 
37  2 


8 

8 


41  8 
46  ... 

50  C  8 
o4  151... 
61,  2  ... 
t)7  5  ... 
7:^  9'  R 
79  12  8 
85  15'  S 
d2  2  8 


96 

83 

71 

64 

55 

49 

43 

39 

34 

30 

27 

24 
•■>.» 

20 
18 
16 
15 
14 
13 
12 
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Table  172.— Zinc  Sheets:  accobding  to  thp  English 

Zinc  Gauge. 

(London  Zinc  Mills.) 


7  ft.  X  2  ft.  s  ill. 

7  It. 

X  3  ft. 

6  ft.  X  3  ft. 

Gauge 

^  3^  ^ 

*^  — 

Ai»iir««\iin}it«' 

VM'«t>xim!«tp 

.\|>)iroviiiu(te 

No. 

c  ttii. 

fij  — 

NuihImt 

Niniibcr 

1  .N  umlior 

X  ^ 

\Vei«lit 

WViKlit 

i  of 

Wii-lit 

of 

JKM* 

,  Sheets 

1  Sheets 

v> 

Slu'.t. 

ill 

III  fxi  t 

>>hcet. 

in 

'    III  f  'u  t 

ill 

1(1  1  '  u- 1 
1 U  U  »>  I . 

vr  > 

Or. 

Lbs.  07. 

LUs.  Uz. 

1 

•004 

2  10 

427 

41 

•00l> 

S  13 

1  294 

38 

y, 

•007 

... 

4  !5 

227 

... 

37 

4 

4| 

•oos 

... 

<i  -1 

1^0 

... 

34 

5 

/>} 

•010 

•  ■  • 

7  9 

14S 

31 

u 

<»} 

•01 1 

7  14 

142 

8  14 

1^2(> 

10  2 

Ill 

30 

7 

•01. *i 

9  1 

124 

10  3 

'  110 

11  10 

90 

29 

8 

9 

•015 

10  K 

107 

11  13 

95 

13  8 

83 

28 

9 

10 

•017 

11  11 

9(i 

13  2 

15  0 

4  J 

27 

10 

lU 

•010 

i:;  7 

8;», 

15  2 

-4 
«4 

17  4 

05 

11 

l:i 

•021 

1'.  3 

74 

17  1 

00 

19  S 

57 

24 

12 

15 

•025 

17  8 

(14 

l!»  11 

57 

22  8 

50 

23 

13 

17 

•0-28 

5 

50 

25  S 

44 

22 

14 

19 

•031 

... 

•24  15 

45 

28  S 

39 

21 

16 

22 

•03t> 

28  14 

39 

33  0 

34 

20 

1(> 

25 

•041 

i 

•  ■  •  * 

•  •  ■ 

32  13 

34 

37  8 

30 

19 

17 

28 

•040 

12 

30 

42  0 

27 

18 

18 

31 

•f)51 

•  *  • 

40  11 

2S 

4(;  8 

24 

19 

35 

•050 

•  *  •  j 

•  ■  * 

45  15 

24 

52  8 

21 

i'7 

20 

39 

•o<;5 

1 

51  3 

2*2 

5.S  8 

in 

10 

21 

43 

•072 

:>if  7 

20 

♦>4  8 

17 

15 

Sheets  thicker  than  above  are  rolled  to  Birmingham  Wire 

Gauge. 


Wiee  Ropes.   See  Strength  of  Materials 

(pp.  88<J— 400). 


Chains  and  Chain  Cables.   Srt  Strength  of 
Materials  (^pp.  400—408). 


Y 
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STAENaXfi  OF  MATEKIALS. 


Stre&gfh  of  Bmuqs. 

The  ultimate  transverse  strength  of  a  cantilever  or  homoge- 
neous beam  of  uniform  st^uare  or  rectansrular  section,  fixed  at 
rxme  end  and  loaded  at  the  other  end;' 1s"TisiuiUy  expressed  i)y 
I  the  f  prmula,-—  i 


'in" 


W  =  breaking  weight  at  the  end  of  the  be^ni- 
^  =  breadth  of  the  beam  in  inches. 
r/  =  depth  of  th(^  l)oam  in  inches. 

/—length  of  the  beam,  between  the  fixed  point  and  th^ 
load,  in  inches ;  or  the  distance  apant  of  two  supports, 
^ssultimate  tensile -strength  of  the  beam  per  square  inch.  • 

•This  formula,  it  is  known,  is  materially  dekecttve,  in  nnderi 
43tatiag  the  actual  btrength. 
•  *Th^  correct  formula  is : — 

1.  JJeamJiiCdd  al  om  end^  loaded  at  iJiS  otJier  md. 


3: 


W  = 


or 


Fio.  49. 

I 


ass. 


or 


m 


(2) 


A  beam  freely  sup^rted  at  both  ends,  and  loaded  at  the 
middle,  bears  four  times  the  breaking  weight  of  the  canti- 
lever : — 

2.  Beam  mqfportvd  at  both  mdit,  loaded  at  the  middle. 


.    1  'Und^n 
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A  beam  fixed  at  each  end,  and  loaded  at  the  middle,  bears 
eight  times  the  bieaking  weight  of  the  cantilever : — 

S.  Beam  fixed  at  each  end;  loaded  at  the  middle. 


I 


(3) 


(6J 


Beams  on  which  the  load  is  equally  distributed,  are  capable 
of  a  breaking  weight  double  ,  the  central  lioad.  given  in  the 
foregoing  formulae  »  . .  • 

4.  Beam  Ji^cd  at  one  ejui,  and  uniformly  loaded. 


»Fm.  68. 


QQQQQQQ 

Fjo.  63. 


(7) 
I* 

(8) 


r 


I  »•• 

Y  2 
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6.  Bmm  Jiittf*d  at  each  end,  vniformly  Imded^ 


W^t^*  (11) 

V 

'"fG67^   ^^^^ 

When  a  concentrated  load  is  applied  el6ewli<ei^  than  at  the 
middle  of  a  beam,  the  breaking  weight  is  inversely  proportional 
to  the  product  w  n  of  the  segments  vi  and  n  into  which  the  beam 
is  divided  by  the  load.  The  product  when  the  load  is  at  the 
centre  is  and  the  formula  (3)^  for  a  beam  supported  at 
both  ends,  b^omes — 

7.  Bram  mtpport(^d  at  hotk  nuU  iind  loaded  at  a  point 

batwevn  the  mid  die  and  one  end. 

In  like  manner —   {     -  -  • 

8,  Beam  fixed  at  ra&h  end,  and  loaded  at  a  point  between 

the  middle  and  om  end* 

y^_2'nSUdns  ^  .  (U) 

The  breaking  weight  of  a  homogeneous  beam  of  uniform 
square  section,  of  which  one  diagonal  is  vertical,  supported  at 
both  ends,  is  expressed  by  the  formula — 

9.  8tfiMte  beam  svpported  at  both  end.9,  loaded '}zt  the  centre; 

one  of  the  diagonals  vertioaL 

W=^-   (16) 

showing  that  the  diagonally  placed  square  beam  has  only 
a^ut  81  per  cent,  of  the  strength  of  the  square  jset  beam, 
formula  (8). 

The  breaking  weight  of  a  homogeneous  uniform  cylindrical 
beam,  supported  at  both  ends,  is  given  by  thie  f ^mtila — 
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10.  Cyliihdrical  beam  sm^^orted  at  both  e'tidis^  loaded  at  the 

centre, 

V 

It  is  dedQoible  that  the  tcansyerse  streogth  of  a  cjlindrioal 
beam  is  only  90.per  cent.  o£  that  of  a  square  beiaa,  laid  square, 
of  the  saqi^  sectional  area. 

The  breaking  weight  of  a  homogeneous  unif  o]?n  beam  of  ellip- 
tioal  secl^n,  laid  with  either  axis  vertical,  is  as  follows : — 

11.  Beam  of  elliptical  section,  supported  at  both  ends^  laid 

'  u       .X  .  ^MiUJt,  aiM^.a^U  vertieaL 

W=l!^'    ■  (17) 

ill  which  h  is  tlic  length  of  the  horizontal  axis,  aud  d  is  that  of 
the  vertical  axis. 

The  streiigtli  of  equal  flanged  or  hollow  beams  may  be 
calculated  by  the  formula  — 

Sytmmtrieal  flav^jed  or  hollow  beam.    General  formnla. 

a=the  sec^tional  area  of  one  ^nge,  in  squarp  inches, 

£»''=the  area  of  the  vertical  yn^b,  or  web«,  in  square  inches, 
the  reputed  vertical  height  of  the  web  being  taken, 
for  calculation,  equal  to  the  depth  of  Ih&beam  minus 
the  thickness  of  one  flange. 

//"=the/eputed  depth,  equal  to  that  of  the  web. 

/f = the  iiiiimate  tensile  strength  in  tons  per  square  inch. 

/'±:the  span  in  inches. 

W=the  breaking  load  iu  tons  at  the  ceatie. 

For  the  strength  of  cast-iron  %Agp  beams,  t)ie  following 
formula  is  applicable  in  which  ihe  tensile  strength  is  tal^en  as 
7  tons  per  square  inch  ' 

Ultime^  transverse  strength  ofcofit-iron  beams, 
W=£^!»+2^     .......  (19) 

.  W  =  breaking  weight  in  tons  at  the  middle. 
.■rf.= sectional  area  of  the  lower  flange,  square  inches. 
<*"=3sectional  area  of  the  web,  taken  at  the  reputed  dc]»th 
(total  dt4>t^  njtiuus  thickness  o|  lower  flange),  square 
in  dies. 
^3=  span  in  feet. 
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Constants  iu  fomitila  (19) 


For  various  tensile  stxengths  per  square  inch,  the  following 
are  the  constants  to  be  employed  in  the  formula : — 

Tons  i»er 
'  *  Square  Itt  ih. 

6 

H 

7   •  . 

H 

8 

-  9  '  'i 


10 


for  a 

r 

.  74- 

.  10 


*  l<\ 


for  a". 

1-  7 
1*9 

20 

2-  2 
2-3 
2-6 
2*9 


Ultimate  trantveme  strength  of  solid  rolled  jouts^  of  torought 

iron  (approximate),..       -  • 

^^7dCa^ia")  •  ^20) 

I  '■ 

Note. — The  hectioiial  area  uf  the  web  {ji")  is,  in  tbw  case, 
taken  lor  the  whole  depth  of  the  joist. 

2.  'J  he  ultimate  tensile  strength  of  the  metal  is  taken  at 
20  to; IS  per  square  iiieh. 

8.  For  iron  or  steel  of  other  than  20  tons  tensile  strength 
per  i  quai  e  inch,  substitute  -Jrd  of  the  other  tensile  strength,  for 
liie  jomtant  7  in  the  formula. 


Ultimut^  traniverse  itnm^.  of  Hteted  wnMghtdrou  girders 

(ajjproMmAi^e), 


(21) 


Cantilevers  and  Beams  of  Uniform  Strength. 

The  basic  forms,  exclusive  of  provision  for  shearing  resist- 
ance, are  as  follows'  >^ 

l.fhntilevera  of  uniform  transverse  sti'c/igth,  loaded  at  one  end, 

1.  When  a  cantilever  is  rectangular  ia  section,  it  may  be 
of  either  of  the  parabolic  forms  a,    e,  figs.  55 — 57. 


Fins.  55—^*7. 
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2.  When  tlie  section,  fig.  5S,  is  rectangular  and  the  depth  is 
constant,  the  breadth  is  in  proportion  tu  tlic  distance  from  the 
end  of  the  beam,  and  the  beam  is  triangular  in  plan. 

3.  When  the  section  is  double-flanged,  as  in  fig.  59,  or 
hollow  rectangular,  and  the  breadth  uniform,  the  form  of  the 
beam,  in  side  eleTatiou,  is  triangular,  supposing  that  the 
resistance  of  the  web  is  not  calcnlated. 

4.  A  double-flanged  seml*beam,  fig.  60,  or  hollow  beam  rect* 


Fig.  58. 


angnlar  in  section,  of  uniform  depth,  is  triangular  in  plan, 
wh^n.  calculated  for  t^h^e  flange 
only. 

^«  Whev  t]ie  ^eqtion  oC  tb^ 
beam  is   circular,  the  outline  is 
formed  by,  the  revolution  of  a  iwbio 
parabola  on  its  axis,  fig.  61./. 

6.  When  the  section  of  the  semi- 
beam  is  annular,  the  form  is  gene- 
rated by  the  jevolution  of  a  parabola  on  its  axis.  If  the 
thickness  varies  with  the  diameter,  the  semi-beam  is  cubic- 
parabolic.  ' 

_  B 

2.  CantUerers  of  muform  strath,  ^iforvd^'loadeih 

1.  Bectangular  in  section,  breadth  uniform,  triangular  in 
.side  elevation,  fig.  62.  •  ■ 

2.  Rectangular  in  section,  depth  uniform,  breadth  parabolic, 
fig.  63.  ' 

3.  Hollow  rectangular,  or  double-flanged,  breadth  uniform, 
depth  panibolib,  not  reckoning  webs,  fig.  64.  .  '  • 


r 
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4.  Hollow  rectangular,  or  double-flanged,  depth  uniform, 
breadth  parabolic,  fig.  65. 


5.  Section  circular.  The  form  is  generated  by  the  revolu- 
tion of  a  semi-cubic  parabola  on  its  axis. 

6.  Section  annular,  conical  form.  ; 

8.  Beams  of  uniform  strength,  loaded  at  the  middle, 

1.  Rectangular  in  section,  breadth  uniform,  depth  double- 
parabolic. 

2.  Rectangular  in  section,  deptli  uniform,  breadth  double- 
triangular.  - 

3.  Hollow  rectangular  or  double-flanged,  breadth  uniform, 
depth  double-triangular,  figs.  60,  67. 


Fir..  C6.  .  Fio.  i>7. 


4.  Hollow  rectangular  or  double-(kinged,  depth  uniform, 
breadth  double-triangular,  fig.  68. 

5.  Circular  section  ;  foi  m  double-parabolic,  fig.  69. 
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4.  Jieafu^  of  uniform  drmgtk,  uui/ormly  loatkd.  - 

1 .  Kectangular  section,  breadth  unifom.  depth  ejiliptical. 
^.  Kectangular  section,  depth  nnifonn,  bj-eadth  double- 


Fio.  70. 


Flo.  71. 


parabolic  ;  two  parabolas  having  their  vertieefl  at  the  middle, 
and  meeting  at  the  points  of  sopport 

^.  Hollow  rectangular  or  double-flanged,  bfeadth  niiifonn, 
depth  parabolic,  fig.  70. 

4.  Hollow  rectangular  or  double-flanged,  depth  uniform, 
breadth  double-parabolic,  fig.  71.  , 


0  » 


Approximate  BeAection  of  Beams. 

111  a  ])eam  of  uniform  dcptli  and  nniforfti  strength,  the 
iorm  aiisumed  under  the  load  is  that  of  a  ctrenlar  arc. 

Let  Z= length  of   the  span,  or   distance    between  the 
•  dUpporls.  , '  .      .  ! 

ft = breadth  of  the  b«im«at  Une  middle. 
4  -  depth  of  the  beam  at  the  middle.. 

nmatoi*  of  ihc 

fraction  of  the  length  by  which  the  beam  is  ex- 
tended  or  compressed  per  toa  of  direct  stress  per 
square  inch  of  section.  * 
B= deflection  of  beam,  at  middle. 


14/ 


Deflection  of  Beams  of  Kectangnlar  Section,  supported  at 

each  End. 

1.  Reetangular  section,  of  uniform  strength,  depth  uniform, 
double-triangular  m  plan,  load  at  the  middle 


(22) 


This  formula  sinrnifies  thai  the  deflection  varies  direcily  as 
the  weight,  and  as  the  cube  of  the  span  ;  and  that  it  varies 
mversely  as  the  breadth,  and  as  the  cube  of  the  depth,  and  as 
tne  coeflttcient  of  elasticity. 
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'2,  Kectangular  beam,  of  uniform  strength,  breadth  uniform, 
depth  parabolic ;  load  at  the  middle. 


Rectangular  beam,  of   uniform  section  ;  load  at  the 
middle. 

4-67  •       •       •       •      •  . 

4.  Rectangular  beam,  of  uniform  strength  ;  depth.^iiiform, 
uniformly  loaded. 

5.  Rectangular  beam,  of  uniform  strength,  breadtU  uniform ; 
elliptic  in  depth  ;  uniformly  loaded. 

1)^  *  '  (26) 

0.  Rectangular  beam,  of   uuiiorm    section^  uniformly 
loaded,  '    *  '        •  • 

D—  '  •  •  •  ('f}7\ 

Befleotion  of  Double-flanged  or  Hollow-Bootangnlar  Beams : 

Equal  SlangtiB, 

7.  Double-flanged  beam,  of  uniform  strengtii  ;  uniform 
depth,  douV)le-triangular  in  breaxlth  ;  load  at  the  middle. 

Cim'  1 .  When  the  strength  of  both  the  flanges  and  the  web 
is  calculated  : —  '  * 

D=   '..       •   •      ,  (28") 

l^f'^zr  distance  apart  between  ceui-res  gf  flanges. .  ' 
fl  =  sectional  area  of  one  flange. 

i^^s sectional  area  of  the  web^  reckoned  equal  in  height 

'  tod\  - 

•  •    •  . 

From  this  equation  it  is  inferred  that  the  deflection  varies  in- 
vetsely  as  a  power  of  the  depth  greater  than  the^uare,  and 
less  than  the  cube. 

Cane  2»  When  the  strength  of  the  flanges  alone  is  cal- 
culated 

 ^  • 
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S.  Doiib]fi<»flange.  beanie  of  uniform  Btrengtb.  of  uniform 
breadth,  triaugular  in  depth ;  loaded  at  the  middle  (figs. 
67). 

Case  1«  When  the  strength  of  both  the  flanges  and  the  web 
is  calculated : — 


3>=  .      ;      ;      .  (30) 


Case  2.  When  the  strength  of  the  flanges  alone  is  calcu- 


lated tf«- 


D=r-Z?L       .     •  •    /  (31) 


Double-flange  beam,  of  unitonn  8ection,  loaded  at  the 
middle.    See  No.  7,  formulae  28  and  29. 

10.  Double-flange  beam,  of  uniform  strength,  of  uniform 
depth,  breadth  parabolic  ;  uniformly  loaded. 

Case  1.  When  the  stj  cugth  of  both  the  iJanges  and  the  web 
is  calculated : — 

8^/"«Ec4./  +  l-l(;70         *       *       '       •  ^ 

Case  2.  When  the  strength  of  the  flanges  only  is  calcu  - 
lated 

^"'ms^   ^^^^ 

11.  Double-flange  beam/ of  uniform  strength,  of  uniform 
breadth,  depth  parabolic ;  uniformly  loaded  (fig.  7U). 

Case  I.  When  the  strength  of  both  the  flanges  and  the  web 
is  caloulated 

0a3^/'''^K(4«  +  lT(>7i^'*)     '       '       '       '  J 

(Jane  2.  When  the  strength  of  the  flanges  only  is  calcu- 
lated : — 

D=:    (iJo) 


12.  Double-flange  beam,  of  uniform  section,  uniformly 
loaded.  '         *•       •       •*  • 

Caufi  1.  When  the  .strength  of  both  the  flanges  and  the  web 
is  calculated-: —  , 

•  '  n=  ,  .     I  '  :  (aft) 
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Coiui  2.  When  the  Btrength  of  the  flanges  only  is  eakni* 
lated  :— 

^*25-6rf"^E  ^^^^ 

J^ote. — ^The  last-named  beam — of  tififform  section,  unifbrmlj 
Idadisd — ^is  the  most  &eqnentlj^  opcmrlfig  in  piact16e,  in  the 
character  of  rolled  wronght-iron  joists. 

*  -  •  *  »  » 

Transverse  Strength  of  Uniform  Hollow  Cylindrical  Beam*. 

The  transverse  strength  of  a  hollow  cylinder  is,  of  course,  less 
than  that  of  a  solid  cvlinder  of  the  same  external  diameter. 
The  following  coefficients  may  be  substituted  in  formula  (1(0 
here  repeated,  with  its  ccm verse,  to  iind  approximately  the  ulti- 
mate transverse  strength  of  hollow  cylinders,  having:  bores  of 
from  ^th  to  f ths  of  the  external  jdianieter  of  the  cyJinder  >^ 

• 

Solid  cidhuh'u  al  hnim, 

•  I  * 

« 

CiwfficwtiU  to  he  Mubxtitvtcd  hi  the  formula  for  bores  of 

varhn-f  jiroportiom^ 
I  .  .In  jiartisof  that 

of  solid  "beam. 
•     •        *      Coetlicieiit.  Per  cent 

Solid  cylindrical  beam  -720  100 

Hollow  cyliadricaU>eam,  bore  ith  of  external  \ 

diapaeter  ) 

•()14  84(1 
•535,     .  78*7 

•452  '  (>2'2 

•8f>5  50-3 

•2<;9  37-0 

•    160  22-0 


M 

•> 

»* 

1 

4 

»J 

I  . 

1 

.1> 

11 

?» 

»t 

»> 

>t 

I> 

1 

>• 

"»» 

« 

f» 

* 

1 
IS 

f» 

)» 

9t 

,1      .  • 


Torsional  Strength  of  Bars  and  Shafts. 

The  resistant^  of  shifting  io  tiVistiiig  or  torsionkl  stress  is 
dependent  upon  its  resistance  to  shearing  stress,  l^e  tdtlmate 
torsional  resistance  of  a  uniform  cylindrical  bar  o|r  shaft  is 
expressed  by  the  following  formu)ii9 :  — 
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WB.=i  iaM>it   ,  , .  X^o; 

W=I?^*     .......  (41 

The  ultimate  torsional  lesistaBce  of.  a  hoUow  cjlindrica 

.shaft  is  expressed  by  the  formulsB  : — 
» 

Torsimial  Strmfith  of  a  hollow  cylindrical  nJia/tM 

d  •      •      •      •      •     V  . 

yi^}^^l±  (48; 

.   W= force  applied  at  the  end  of  the  nidius  E,  in  tons. 

,    R  =  length  of  radius  at  the  end  of  wliich  the  force  VV  it 

*  applied,  at  right  ivngles,  in  inches. 

:        diameter  of  tfie  bar  or  shaft,  in  inches. 

I  d' s  diameter  of  the  interior  of  a  hollow  shaft  in  inches. 

i  h   breadth  of  side  of  square  shaft. 

J  #  =  ultimate  shearing  resistance,  in  tons  per  square  inch  o; 
i  section. 

•  When  the  section  of  a  hollow  bar,  as  a  tube,  is  thin,  com 
paratively  to  the  diameter,  the  following  formula  may  b 
j^mployedi : — 

I 

\  Tor^ioiud  Stniigth  of  a  thin  tube, 

I  ■  • 

._.      .TIZB?=V571cP?A_.  ..  .  .,. .     ._.      ...  (44; 

R    -  • 

IbrHanal  Strength  qf  a  Molid  iquare  bar  or  ttluaft. 
WR»'281^^     •  '  .      .      \  .      .  (46 


w=-?5i^     •  .  •  .    .    .    .    .•  w 
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J'Am.E  178. — Ultimate  Strength  op  Columns  op 
Vakious  Constbuction,  with  Flat  Ends. 


Description  of  Column. 


1.  Hound  cast-iron,  solid  orj 
hollow    •  •      .      •   * ) 


2.  Bectangular    cast  -  iron,  j 
solid  or  hollow  . 


3.  Bectangular     wrought-  )  | 

iron,  solid       ,      '   *  ( | 

*  • 

4.  Angle,  tee,  channel,  or  j 

crujsilonn  iron    ^  ,    .  | 


5.  Solid  round,  mild  steel  ,  <  ' 

r  i 

0.  Solij]  ^Qund,  strong  steel . 


7.  ISolid  rectangular^  mild  J 
steel .  .    .      *      •   • } 

■ 

s.  Solid  rectAngular,  strong  j 
8teel  .      .      .  I  * 


Formnla. 


W  = 


1  + 


400 
3<>a 


'  1  + 


1+: 


500 


Authority. 


Gordon. 


Gon 


3000 
I9a 


1  + 


900 


*"'^I400 

'ihl 


I 
) 

I 

( 

1 

I 

i ) 

j  J-  Stouey. 

I 

\  Unwin. 
^  Baker. 


r2 


Baker. 


W= 


14 


900 


2480 
5U 


} 

jj 

'  Baker. 


^"^"1(500 


i) 


Baker. 


W  =  break  in, weight,  in  tons.  " 

=  sectional  nw.n  of  the  material,  in  square  inches. 
r  =  ratio  of  length  to  dinineter.  The  diameter  for  calculation 
^i^i  >Uie  6hoi:te{it  diu^ueter  gf  ^jthe  fciectio^i. 

Transverse  Strength  of  Eailway  Sails. 

The  ordinary  double-head  vail,  having  heads  of  equal  form 
and  size,  may  be  separated  into  the  web  for  the  whole  depth, 
and  the  flange  or  overhung  portion.    The  aectioual  area  of 
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the  flange  poMion^  cttn  be  ascertained  by  divlcfing  then!  into 
narrow  horizontal  strips  calculating:  the  area  6f  each  stHp 
8e*E»rately,  and  takihg  the  sams. 

Tramverse  strength  of  a  dtmble-Jiead  rail. 

.  W-  «  ■  .  •       •       •   ■    •  K*^) 

If 

• 

W  =  breaking  weight  at  the  middle,  in  tons. 

a'=uet  sectional  area  of  one  flange,  in  inches  (excluding  the 

central  portion  pertaining  to  the  web). 
<f  =  total  depth  of  the  rail,  in  inches. 
r/"= vertical  distance  apart  of  the  centres  of  the  flanges. 

=  thickness  of  the  web. 
?  =  length  of  span,  between  supports,  in  inches. 
s  =  ultimate  tensile  strength,  in  tons  per  square  inch. 

'  .*        "  •  ' 

Strength  of  Steel  Springs. 

The  elasticity  or  deflection  of  laminated  springs,  with  the 
working  strength^  are  given  by  the  following  formulae  : — 

E=l*««'*  (49) 

•   imp'      "        '       '      y  ' 

i^ii^       •      .      -  .      .      .  {,01) 

E=:  elasticity,  or  deflection,  in  sixteenths  of  an  inch  per  ton 

of  load. 

J?  =  working  strength,  or  load,  in  tQQ§,,    .  ^ 
Z=:span,  when  loaded,  in  inches.    *      '  -* 
ft  =  breadth  of  plates,  in  inches,  taken  as  uiJform. 
f  =  thickness  of  plates,  iu  sixteenJUhA  of  an  iach>,    • »  . 
;»s:.number  o£  platiea« 

Mte.^^he,  span  and  the  ela.siicjty  ^  ^rc  tbo^e  due  to  the 
spring  when  wei|;hted. 

2.  When, extra  thick  back  aid  short  plates iare. used,  tbey 
must  be  replaced  by  an  equivalent  number  of  plates  of  the 
ruling,  thickness,^  prior  to  the  eqi  jloyment  of  th^  f onnulsB  49 
and  50.  This  is' found  by  njulSi'plyiug  the  num.l;>er  of  extra 
thick  plates  by  ^he  cube  of  thciir  thicki^ess,  and  diyidfjog  b^ 
th^  cube  of  the  ruling  thickness.  ConVersely,  the  number  <S 
plates  of  the  ruling  thickness  given  by  formula  51,  required 
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to  be  deducted  and  replaced  by  a  given  number  o£  extlft 
thick  plates,  arc  found  by  the  same  calculation. 

3.  It  is  assumed  that  the  plates  are  similarly  and  regularly 
formed,  and  that  they  are  of  uniform  breadth,  and  but  slightly 
taper  at  the  ends. 

Helieal  Steel  Spxingt* 

BI=^!^  *  .  C^2) 

CD*  ^  ^ 

Bsscompression,  0^*  extension  of  one  coil,  in  inches. 
^=.diameter  from  centre  to  centre  of  8teel  bar  constituting 

the  spring,  in  inches. 
?r  =  weight  applied,  in  pounds. 

D= diameter,  or  side  of  the  square,  of  the  steel  bar,  in  six- 
teenths of  an  inch. 

C=a  constant,  which  maybe  taken  as  1%  for  round  steel,, 
apd  30  for  square  steeL 

Note^ — ^The  deflection  E  for  one  coil  is  to  be  moltlplied  by 
the  number  of  free4Xii|i)  lo  obtnin'tibft  toCld  deflection  for  a 
given  q^ripg. 

The  relation  between  .thd  sale  load,  size  of  steel,  and 
diameter  of  coil,  may  be  taken  for  practical  purposes  as 
fo[lpws  : —  '  ; 

D=  y^^for  round  steel       .      .  (52a) 


D=  y       for  square  sleeL  :  .      •  (6»1 


STBENaxS.OJ'  xntBiB. 


From  the  results  of  Mr.  Laslett's  experiments,  the  Table  174, 
of  the  direct  ultimate  tensile  and  compressive  strengths  of 
timbers  l)as  been  compiled.  For  tensile  strengths,  the  speci- 
mens were  2  inches  square,  and  usually  had  a  clear  length  of 
30  inches.  For  compressive  or  crushing  strength,  the  specimens 
were  cubes  of  from  1  inch  to  1  inches  ;  and  pieces  2  inches 
square  and  upwards,  of  various  lengths.  1  lie  crushing  resist- 
ance of  1-inch,  2-inch,  8-inch,  and  4-inch  cubes  of  various 
woods,  was  practically  tho  same  per  sc{uare  inch  of  the  upper 
surface,  tliough  there  was  n  slight  diifeience  in  favour  of  the 
smaller  cubes. 
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Table  174.— Tbnsil^  and  Compbes^sive  Sxbength  of 

Timber. 


Woods. 


Oak,  English. 

French  .J 
Dantzig .      .      .  , 
Americaa  White  . 
„     African  (or  Teak)  . 
Teak,  Moolmem      .  . 
Iron  Wood,  Barm^h, 
Greenhieaft      ,      .  . 
Sabicu    .      ,      .  , 
I  Mahogany,  Spanish  .  . 
fj        99        Honduras  ! 
I  Eucalyptus,  Tewart  .  l[ 
9f        Mahogany  .  » 

Iron  Bark  . 
„        Blue  Gum  .  ! 

T^eech  .  ..  ^^r,  j 
Kim,  En^^lish  . 

Hock,  Canada  . 

Hornbeam 
Fir,  Dantzig 

„  Kiga 

„  Spruce 
Larch,  Russia 
Cedar . 
Red  Pine 
Yellow  Pine 
Piteh  Pine  . 
Kauri  Piae 


I 


Speciftc 

j 

I  Tensile 

\ 

1  Crushincr 

Eesistance 

Resistance 

u^avity. 

'  per  Sooare 
Inch. 

per  Squflre 
Inch.  - 

Watex'  —  1 

1 

lOIlS. 

•H^S,  893 

7 

1-718,  8-880 

1  8-887 

•97(> 

'  8-617 

!  8-547 

1-882 

8 -8  4  4 

•9(>y 

8148 

1            »  Tf  W 

8-148 

1                     •  •  • 

1  •47-i 

1  TIT 

M7« 

t  4-811 

i  0-908 

M41 

•91 7 

i  2-481 

1  3-776 

•7(j5 

!  l-()92 
I    '  1-888 

i  9'8n*-< 

li69 

4-591 

4-174  1 

1-812 

8-1 0,^  1 

11150 

8-740 

A'iU\]  1 
H'OT.^  1 

1-049 

2-700 

'  -730 

■  mr  ' 

«  2^58  . 

.  2-458  1 

'2!l66  * 

.   •  •  •  1 

•642 

2-437  1 

2-588  1 

•748 

4*100 

8-882  1 

•819 

2-860 

3-711  1 

•603 

1-442 

3*102  1 

•553 

1-808' 

*2*342  1 

w  War  ■ 

•484 

1-766  1 

2*166  1 

•649 

1-876 

.  2-596  1 

•4(i9 

1-281 

2-000  1 

•558 

1-207 

2^587  1 

•551 

1-120: 

.1-877  1 

•659 

2-088 

2-885  1 

•644 

1-803 

.2-867  1 

1 

The  elastic  tensile  atiiength  of  timber  is  equal  to,  or  nearly 
eqnal  to,  the  ultimate  tendtle  strength.    Of  Baltic  timber,  the 

cenrofTiI^W'''!  "^"^"^^     ^'^^      t^^^  »0  per 

cent,  ot  the  ultimate  compressive  resistance,  *    .  ; 

Columns  of  Timber.  ! 
»  observations  of  the  ci'U8i4ng  resietax^iiif  columns 


Digitized  by  Google 
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STRENGTH  OF  MATERIALS. 


wood,  Ur.  Laslett  de  laced  that  the  Aiilximum  resistance  of 
square  pieces  to  compression  is  exerted  when  the  sectional 
fn  square  Inches  is  to  the  length  in  inclies  proportionally 
as  4  is  to  5,  for  equal  seasoniug  and  equal  specific  gravities. 
In  this  ratio,  the  maximum  resistance  to  crushing  of  12- inch 
square  balks  on  end,  would  be  exerted  for  a  length  of 
15  feet. 

Timber  Files. 

Tabids  175.-^UiiTiiiiATB  Stwngth  of  Timber  €olumks. 
'  (Brereton  and  Stoney.) 


Ratio  of        ^W'r''^  K^^'^L^'^'* 
Tv»nrrfi.  ir,       that  CHU  06  bomc 

of  flection. 

liiitio  of 
liCUgth  to 
hdMt  Breadtli. 

Ultinial*;  Weight 
thut  can  be  horn*- 
)>er  Square  Foot 
of  Section. 

j  Tons. 
10  120 
15         !  118 
20        ;  115 
25        1  100 
i  .   80        ;  '90 

85 
40 
45 
50 

Tons. 
84 
80 
77 
75 

■ 

!|raatV6Me  Strength  of  Timlier  Beams,  of  Ltage  Seailtling,- 
•npj^rtei  at  the  Ends,*  Loaded  at  the  Kiddle* 


t  ■ 


B'ir  .  . 
Bed  pine  . 
.Quebec  yellow  pine 
Pitch  pine  . 
English  cak   ^  . 
French  oak 


I 


l%S9^>//s 
/ 


l-64/y//« 


(53) 
(54) 
(55) 

(66) 
(57) 
(58) 


W= break  in?  weight  in  tons. 
i»  =  breadth  in  inches. 
^  =  depth  in  inches. 
^  =  spaii  in  inches.  '* 

"  ManwcU    £u!m,  TMea  atui  ikUa,  page  550. 
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Deflection  of  Timber  Beams  of  large  Scantling,  supported 

at  the  Ends,  loaded  at  the  Middle. 


Fir 

• 

Red  piuc    . . 

D- 

■.  o;o) 

Quebec  yellaw  pine 

Pitch  nine 

English  oak 

.  (6») 

French  oak  .  ' 

WI" 

STBBKaTH  OP  CA8T-IB0H. 


The  strength  of  cast-iron  vaiie?'  accorcling  to  thedisiribution 
and  massiveness  of  the  niutal.  Thicker  pieces  arc  less  strong 
than  thinner  pieces  :  an  inefiuality  which  arises  from  the  fact 
that  the  outer  portions,  at  and  n<  ar  the  siiilace  of  n  casting 
p,re  denser,  har<ler,  and  stronger  than  the  central  puriiuns. 

The  tensile  strength  of  cast-iron  may  be  taken  generally  as 
e<[ual  to  from  G  tons  to  7  tons  per  stjuare  inch  of  section. 
Dr.  Anderson  deduced  an  average  of  6  tons  horn  a  long  series 
of  tests.  Mr.  Hodgkinson,  comparing  the  tensile  strengths  of 
"bars  of  cast-iron  1  inch,  2  inches,  and  8  inches  square,  found 
jthat  they  were  relatively,  per  stjuare  inch,  as  luu,  Gli,  and  GO. 
;  The  ultimate  compressive  stixingth  of  cast-iron  was  deter- 
imined  by  Mr.  Hodgkiuson  to  average  38^  tons  per  squar^ 
;inch. 

'  The  tensile  strength  of  cast-iron  is  increased  by  re-melting. 
Sir  Frederick  BramweJl  proved  that  the  tensile  strength  of 
Acadian  iron  was  increased  from  ions  to  IS^  tons  bv  t>  hours 
of  continued  fusion  and  re-melting.  The  compressive  strength 
averaged  3^  times  the  tensile  strength.  Sir  Wm.  Fairbairu 
increased  the  compret^ive  strength  of  Eglinton  hot-blabt  ir^*"' 
from  44  tons  to  86  tons  per  bquare  inch. 

7.  2 
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Cast-ii'ou  under  teixtfion  or  comj^^ie^sion  dues  4101  es^hibit.  auj 
weU-defincd  *  elastic  limit.  /Av,  Hodgkinsoii  tested  l*incn 
square  bai-s  of  cast-iron,  10  feet  long,  under  a  load  of  6  tons  in 
tension  y  ttie  bar  extended  y|^th  part  of  its  length  ;  under  the 
same  load  in  compression^  the  bar  extended  xiss^^ 
its  length.   In  round  numbers,  it  may  be  taken  that  elastic 
extension  and  elastte  compression  are  each  approximately 
^th  part  of  the  1(^gth,  under  a  stress  of  6  tons  per  square 
inch,  or  g^th  part  of  the  length  per  ton  per  square  inch,  which  is 
more  than  twice  the  rate  of  elastic  exteixmm  of  iron  or  of  steel. 


Cast -i run  of  averao^e  quality  loses  strength  when  heated 
above  120°  F.  ;  and  it  becomes  insecure  at  the  freezing-point. 
At  a  red  heat,  iu  normal  strength  is  reduced  one-third. 


Cast-iron  is  rendered  malleable  by  the  extmction  of  pait  of 
the  constituent  carbon,  approximating:  it  to  wrought-iron. 
The  tensile  strength  of  annealed  malleable  cast-iron  is  equi- 
valent to  over  25  tons  per  square  inch  ;  and  10  tons  load  per 
square  inch  is  borne  without  distortion. 


Table  17(J.— 8afk  I.oadox  Hollow  Cast-ikon  Columns, 
WITH  Flat  Ends  and  JJase  Tlatks  :  Lenuth  =  20to 

-      80  DiAMETEKS.  '  .     .         .  • 


lujlnmfie  of  high  temjferatun'. 


MaUmhlr  ca  M  -  /  ro  n. 


Columns, 


LiKuX|Hii'  6q.iuire  lii<  li  uf  becUQiiai  Area  of 

Metal.  . 


Tliickuess, 


Leiiijtli  20  to  .24 
Diaiiietei's. 


2&  to  8d  Diameten. 


Inch. 

}  and  upwaa^6  } 


Tons. 
2 


1} 

^ 
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 Tablic  177. — Oast-iron  Columns  {nrnthntttl). 
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Table  177.— Cast-iron  Columns  (ronthiurrn. 
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The  Ktreiieth  of  l>eanis  of  oast-iroii  varii's  \'0.r\  much  accoixl- 
in.£^  to  iIk^  scaiitliiiu.  The  breMkiiiL:  wei^'hls  of  1-inch  square 
bars  of  cast-iron  su})i)orte(l  at  the  ends,  loaded  at  the  middle, 
as  tested  by  Mr.  Barlow,  and  subsequently  hy  Mr.  Robert 
Stephenson,  was  expressed  by  the  formula 

W  = ''fx  13-6  (64) 

\  j    -  —  —  *  —  •  ^ 

'  in  which  W  is  the  breaking  weight  iu.  tons,  and  h,  d,  and  I,  are 
\  the  breadth,  depth,  and  length  of  span  in  inches.  With 
:  for  a  co-effi<nent»  the  fonhnla  shows  that  the  breaking  weigqt 

of  a  1-inch  square  bar,  ati  12  inches  of  span,  is  jnst  one  toni ; 

and  if  the  span  be  expressed  in  feet,  the  formnla  (OO)  become 

'  W^^jL       .       .       .       .  (6(0 


in  which  />  and  d  mtt  in  inches,  and  /  in  U'ei. 

For  the  reason  given,  no  constant  eoeliicioit  can  be  employ<Ml 
with  accuracy.  The  subjoined  formulie  ((IT)  and  (<>8)  give 
results  wliicli  may  safely  he  taken  ;  for  a  minimum  factor  of 
7  tons  tensile  sti'^ngth  per  square  inch,  with  a  wide  margin  in 
excess. 

.  Ultimate  utroKjth  of  ractangvlar  hara  of  ortllnarn  east' 
iron,  fnu  ju  supjiorted.  londal  at  thr  middle. 


'.^^-f  •  •  • 

I 

Vltmatit  nirei^fli  of  romd  bars  o/eoH'ir^tu 


(6^ 


f 


,w=        -.  •  .     .     .  (Gi*) 

W,  load  in  tons ;     d^  and  /  in  iuche^j,  .  ...  ^.  ' 

DeJUtctioH  of  oast'iron  rei  tangvlar  hnrx  j^f  tinifartik  seetiop 

hmde(l  at  tits  middle,  * 

....  (Giji 

* 

.D  the  deflection,  and  and  I  the  breadth,  depl^,  ani 
^pan;  all  in  inches.  j 

I 

•  *  DigitizecTfiy  Google 
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•  '  '  Torsional  Strength  of  Cast-iron. 
Solid  round  shaft   .      .   WR=l-37iV^      .      .      .  (70) 
Hollow  rouna  shaft    .    .  WRt=— ^i^^i^-^li^' ^      .  '  .  (,71) 

Square  shaft  .      .  .    .   WB=l*967ft«   (72) 

W=  force  applied,  in  tone. 
.R  =  radius  of  force,  in  inches. 

d  and     =  external  and  internal  diameters,  in  inches. 
i  =  sidc  of  sfjuare,  in  inches. 

.  These  formula^,  are  based  on  a  taosile  strength,  of  cast«iron 
equal  to  7  tons  p^r  squ^e  inch.  * 


SIBENGTH  Of  WBOUaHI-ISOH. 
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Jfi*.  U!  Ki^'kaldifst  early  c^perfwenht. 

From  the  original  and  extensive  results  of  Mr.  David 
Kirkaldy's  tost-trinls  of  bars  and  plates  for  tensile  strength, 
the  following  sunmuiry  results  are  obtained.  His  specimen 
bai*s  wore  formed  with  a  head  at  each  end.  witJi  a  ciear  leuLrtii 
of  7  inches.   The  elongation  or  extension  uf  the  bai-s  is  added. 

Ta»L£  178. — Ultimate  Tensile  Ktbenoth  of  Boukd- 

Baa.Ieok.   (Mt.  Rirkald^.) 


B«irs. ' 


Tons 

pp)-    '  lOxteiisioii  hofoiv 
biiuaruv  l-'iacture.. 
Inch,  j 


Torksliijie  ToTled  bars 
Sta'ffordshire 
Ijanarkshirei, 
Biyet  Troii 


I? 


27%39 

26-55 
j  26-00 


25-2  per  cent. 
2$-5 


Jl>4 
20-5 


X* 

n. 
»? 


Average 


26-46  ;  22-2  per  cent. . 


Hammered  scrap,  fbrged  de>wTi  ..  .  23"85  2.4-8  per  cent. 
Crank  shaft,  scrap  iron,  with  fibre  ,  '  20-37  |  21-S 

„  '  „        across  fibre .  1 18-r>r>  i  12-5  „ 

Armour  plate,  across  fibre      .      .  16-D2  ^  9*0 


The  contracted  sectional  area  of  specimens  tested  to  f rac- 
iure,  varied  considerably,  from  29*5  per  cent.  6i  the  original 
area  for  Swedish  charcoal  iron  bars  to  85-2  'per*  ctnt.  for 
common  Scotch  iron  bars.   Thus  — 
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Uou.  Fractured  Sectional  Am. 

Swedish  charcoal  •      .  .  •  2d*o  per  cent. 

Staffordshire  charcoal    .  .  «   38*4  „ 

Torkshfre,  Lowraoor  .  •  46*3  „ 

Staffordshire,  fi.  B.  Scrap  .  •  47'(> 

„        S.  0.  Crown  .  .  53*4  „ 

Scotch,  extra  best  best  .  .  •  58*5  „ 

best  best.      .  .  ,  68*9  „ 


common  «      . .  .  «      .  85*2 


The  strength  as  the  diasnetei'  wtt^  ireduced  by  rolling  down 
from  1^  to  J  inch,  and  intermediate  ^zes,  was  iacreased 
19  per  cent.,  or  from  22*38  tons  to  26*65  tons  per  square  inch ; 
whilst  the  extension  was  reduced  from  28*3  per  cent,  to 
23*8  per  centJ     •  '      .  . 

The  strength  of  1:^  inch  rolled  bars,  tnmed  down  to  1  inch 
in  diameter,  was  increased  5  per  cent. ;  and  the  extension 
was  augmented  from  17*2  per  cent,  to  19*3  per  cent. 

Four  1\  inch  round  bars,  reduced  hy  forging  to  1  inch  and 
}  inch  in  diameter,  showed  an  increase  of  4  per  cent,  of 
strength  ;  and  tjie  extension  was  reduced  from  24*5  per  cent, 
to  17-3  per  cent. 

Five  different  1  inch  bars,  when  reheated  for  repair,  showed 
3*8  per  eent,  less  tensile  strength  ^,  anil'  the  extensicui  was 
increased  from  lo  i  per  cent,  to  32*6  per  cent. 

TwO'pieees  of  a^  iiich-imr-oi  iron  were  tested  : — one  in  the 
•ordinary  condition  ;  the  other  after  having  been  heated  to  S 
welding  heat,  and  coolc^d  slowly.    The  strength  was  not 
materially  affected,  and  the  extension  was  reduced  from  22*9 
per  cent,  to  17*7  per  cent. 

To  test  the  influence  of  intense  cold,  three  pieces  of  a 
}  inch  bai*  were  tested  :  one  at  64'  F.,  the  othei-s  at  23"  V.  The 
colder  bars  broke  with  2-4  per  cent,  less  load  ;  and  with  ao 
"extension  of  23  per  cent.,  against  24-9  per  cent,  at  64'  F. 

To  test  the  effect  of  notching  a  bar,  several  1  inch  round 
bars  of  different  makes  were  notched  or  grooved  to  a  diameter 
of  '7  inch,  and  broken  at  the  notch  ;  then  turned  down  in  tl.e 
body  to  the  sanu'  diameter,  and  broken  through  the  body. 
The  average  tensile  strengths  per  <riuare  inch,  and  the  corru- 
spending  comiacU^i  sectional  aixa**,  were  as  follows  : — 

Tw^lg  8<^>gM>  Contracted  Sectional 
l>er  Square  In3^  Ajvu. 

Notched      ..  ,  ;,  ^   32  *J1  tqips^,        85  per  cent. 
Turned  down  ^  ;   27*()1  .  oS'A:  „ 

Rough  bar   .      ,   2ii'0,^\„  \^  .      .Vj  y  „ 
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Showing  a  remai'kable  cxQes8  of  .i*csistaace  at  the  iu)tch 
xelativelj  to  the ,  seictional  area,  uud  a  xelf^tively  laige  con- 
tracted area. 

The  iofluezice  of  SjCi^wing  bolts  of  1^  inch,  1  inch,  and 
f  inch  in  diameter,  on  the  tensile  strength,  showed  25  per 
cent,  average  reduction  of  tensile  strength  per  square  inch. 
Chased  screws  were  weaker  thah  screws  made  with  dies,  whilst 
screws  cut  with  blunt  dies  were  less  weakened  than  those  cut 
with  new  and  sharp  dies. 

The  influence  of  ordinary  welded  joints  in  several  irons, 
showed  ai»  average  19*J4  ^per  •fGfnt.'jfodactioat  of-*  tensile 
strength,  varying  from  2*6  per  cent,  to  4^*8  per  cefat. 

The  ^ect  of  the  sadden  application  of  tensile  stress  to 
1  inch  round  bars  uf  iron,  <wlthoat  blow  or  jerk,  as  against  the 
gradual  application  of  stre^,  was  to  rediKie  the  loHd'tiecessai'y 
to  caUse  &acture  by  18*6  per  cent*,  with  an  extension  of  20' 1 
per  cent,  as  against  24*6  per  omfp  with  ttte  gradual  application 
of  the  stress. 

Three  pieces  of  iron  cut  out  of  a  large  crank  shaft,  were 
forged  down  and  torned  to  1  inch  in  diameter.  Tested 
against  two  other  pieces  cut  out,  and  simply  turned  to  1  inch 
in  diameter,  they  showed  20  per  <?ent.  greater  s^ngth,  bnt 
reduced  extension. 

The  influence  of  the  removal  of  the  skin  on  strength  of 
hammered  iron,  was  shown  by  two  IJ  inch  square  bars  turned 
down  to  1  inch  in  diameter,  iim  tedail&Atraigth  bein^  5}  per 
cent,  more  than  that  of  l-inch  square  hammei'ed  bai*s  m  their 
skins,  with  a  greater  degree  of  extension.  '       "    '  ' 

A  1  j-inch  round  bar  of  Bowling  iron  was  cut.  into  several 
pieces,  which  were  turned,  forgod  down  and.  hardened,  .with 
the  following  results -  ^        *  . 

Diameter.  '  '  '  TOUb  per  S(i.  lii.  Extension. 

Turned  to  1  incli       .       .       .    '       27'1.>     '  28*8  per  cent. 

Forged  to 7  .«  hardened  in  water  .  32-71>      IDMJ    -„  ' 
.         „  -78  V.  oil        2S-S5    •  li)-8  •„ 

n  •  •»  -70  „         •  „   .        tar       28-(Mi       22*4  „ 

The  second  of  these  tensile  strengths,  32*7t)  tons  per  squaie 
inch,  was  the  maximum  tensile  strength  of  iron  observed  by 
Mr.  Kirkaldv.  ♦  ' 

By  easehardening  and  cooling  in  water,  or  in  oil,  or  shnvly, 
an  average  of  8'i  per  cent,  reduction  of  tensile  strength  was 
e(Veeted,  with  only  one-fourth  of  the  extension.  0^ 

In  cold-rolling  :f-inch  bars,  the  tensile  strength  was 
niented  18  per  cent.,  and  the  elongation  reduced  to  on* 
}\\'  subsetjueni  annealing,  the  gain  of  strength  disappcj^ 


•H8  STRKXGTH  OF  MATKUIAIX 

Atigle*iroti«  ghip^strap,  and  beam-froii  are  less  in  tensile 
strength  by  frOm  I  ton  to  2  tonB  per  square  inch  than  bar 
iron  ;  and  the  extensions  also  are  less. 

Mr.  Kirkaldj  foand  that  the  densil^  of  iron  was  diminidied 
by  oold-ToIling : — 

4 

Onlinury.  Cold  ru»Uetl.  Reduced. 

Bar  iron,  specitic.gravity      7  086      7*o82       *7  per  cent. 
Boilerplate       „  .   7-666.     7-639      -87  „ 

The  specific  gravity,  of  iron  was  al86  reduced  by  stretching 
under  tensile  stress  '  . 

Specific  Gravity. 
I^fore  stretching.  After  Btretehiu^. 

Three  1-iiioh  Yorkshire  iron  bars,  (  -  7  a^t 

stretched  to -DO  inch  diameter.  )  ' 

Two    -SH-inch    Blochairn  bars,  /  '  «.^a<5  '     ff  Kan 

stretched  to  •76.inch  diameter  . )  *  "  '^^-^ 


Average  for  five  bai-s  7-76U  7*632 

Showing  ail  average  of  '128  reducti«m  Of  specific  gravity,  or 
1*65  per  cent. 


Swedish  Hammered  Bar  Iron. 

Mr.  Kirkaldy  tested  round  b^rs^B  inches,  2  inches,  1  inch, 
and  i  inch  in  diameter,  with  flat  bars  \  inchthioki  by  3  inches^ 
2  inches,  and  \\  Inches  wide,  for  tensile  strength.  The  round 
specimens  had  10  inches  of  clear  length,  and  t£e  flat  specimens 
15  inches^ 

Ihe  average  ultimate  strength  of  the  round  bars*  was 
20*13  tons  per  squa^^  i^ch,  ,with.an  extension  of  24*6 -per 
cent. ;  and  that  of  the  fiat  bars  was  21*4  tons,  with  an  exten- 
sion  of  lfi-7  per  cent.  1 J  inch  turned  specimens  had  an  elastic 
strength  of  11*05  tons,  about  60  per  cent,  of  the  ultimate 
strength,  18*80  tons. 

Ur^er  compressive  stress  three  44  inoii,  round  specimens, 
respectively  IJ,  H.  ami  1.5  inches  high,  lyeu^O  cmshed  under  a 
stress  of  66*45,  37-90,  and  12*53  tons  per  square  inch« 

A  l;inch  Qube  failed  ufider  a  load  ol  ^*20  toDs. 

« 

french  Bar  Iron. 

The  strength  of  Frciiich  bar  iron  of  various  denominations 
is  given  in  Table  170.  ' 
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Table  17'J.— Frknuh  Bar  Lhok — Teksilb  Strength. 

(DebauveO 


n  n 


i>eiicri]>tiou. 


Ultimate 
Strength  in 

Tons  per 
Sdquare  luclu 


Axle 


C'reusut.  No.  J,  KaiLs  . 

No.  '2,  McTcliaiit  Iron 
No.  H.  Horse-shoe  Iron 
No.  4.  Bolt.s  and  llivet'^ 
No.  .J,  Bdiler  Plates 
No.  «i,  Maehinery  Iron 
,.      No.  7,  Exceptional 
Chantillon  and  Comuientrj,  No.  1 
-„  ,i  Xo.5 

Tcrre-Noire,  La  Voillte,  and  Besseges 
Oidinary  .      .  i   .  . 
Strong.      .      ,      .  . 
Superior  .... 

Saint  fitienue,  granular,  No.  1 
»  M     No,  7 

„        fibrous,  No.  1 
„     No.  7  . 
Porte  Evcqae  tlscre),  No.  1 

„  „      No.  7  . 

Lyons  Railway  Company : 
Now  1,  line  oharaml . 
No.  2,  strong  superior . 
No.  3,  strong  . 
Na  4,  ordinary  . 


Tons. 

24-00 
24-18 
24-4r> 
24-51 
24-57 
24-81* 
22-8(? 
2(>-35 


.1 


'  18-42 

20-  i)(; 
;  21-59 

♦  2a*6e 

.  17-78 
22-86 
16-51 
22-86 

<.>-35tomu 

21-  59 

24-13 

•  22-23 
20-96 


Kxtcn- 
sion. 


Jfer  cent. 
10 
15 
18 
21 
25 
2i» 
84 
25 
18 

17 

20 
25 
•«6- 

•  •  • 

.  12 
Z 
18 

•  • . 
18 

25 
23 
IH 


I  12 


WW 


In  general,  good  ordinary  French  wrought-lroii  takes/a 
tensile  breaking  weight  of  Jtom  22  tons  to  24  tons  per  sqiiaro 
inch.    The  limit  of  elasticity  corresponds  to  6}  tons  per 
square  inch,  whilst  the  maj9:imum  stress  allowed  in  ^construc- 
tion  is  6  kilogrammes  per  square  millimetre,  or  8'81  tons  per 
square  inch,  about  Jtb  of  the  ultimate  strength*  In  «ompteB« '^^p- 
sion,  the  elastic  limit  is  for  line-grain  iron  d:81  tonsy  ana  fofS^ 
fibrous  iron,  9  tons ;  with  ultimate  rupturing  stresses  of  63K 
tons  and  51  tons  respectively.  .  ^r,  / 
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Mr.  Kirkaldy  8  ExperimenU  witli  Iron  Plates. 

The  tensile  strength  of  iron  plates,  from  |  inch  to  }  inch 
thick,  in  specimens  H  inches  and  2  inches  wide,  is  given 

ni  IfLUK  TWT 

Table  18U.— Ultimate  Tensile  Strbkoth  of  Ibon 

Plates. 

(D.  Kirkaldy.) 


t 

Ton*  per  Square  Ineh. 

. ,     1  1    i  . :  •  c.' 

fixtebsion. 

■  ■  •  •  ' 

Plates.  , 

'AcTfm 

Willi  • 

Wltli 

Across 

Fibre. 

FiUi'e. 

Fibre. 

Fibre. 

Tons. 

1  (ins. 

Per  <  mxt. 

Per  cent. 

Yorkshire  ♦ 

.  •  24-75 

22-<;4 

13-4  . 

S 

Staff oi-dsbirc  . 

.  i  23-01 

21-40 

l>-3 

rr3 

Durham  , 

.  '  22-<s<i 

21-8l> 

!»•:> 

5-2 

Shropshire 

.  23-37 

1 9-22 

2-8 

Lanarkshire 

.    21 -in; 

19-5(i 

7-0. 

> 

Avt'iMU'es    I  • 

.  ,  23-20 

;^u-64 

.  li-8 

4-9 

The  tensile  strength  across  the  fibre  U  ixotii  1|  to^s  td 
f  tons  per  squ£(re  inch  less  than  that  with  the  fibre.  The  average 
difference  is  10  pet  cent. 

'  Fra4titred  deetianul  Area  of  Iron  Plaiet. 

With  Fibre.  Across  Fibre. 

Torkshire   .   .  63*5  pei-  cent.    7U-7  per  cent,  of  ongiual  area^ 

'     ,>      .      .  76-5      „  83-7 

Staffordshire  I  ^q.. 
jS^.  Crown)  '^-^ 

Bradley.  .(  ^^'^ 

boiler. 

Staffordshire  (. 
best  best   .  (  .^^ 

Scotch  Ship     .  D.)-4 

Scotch  common  IM  -4 


Averages  .  84*0 


8i)-y 

92-0 
98-6 

9^4-6 

97-  5 

98-  5 

91-0 


«1 


1> 
»> 
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cold-rolling,  pieces  of  Blochairn  plate  '345  inch  thick, 
roll^  to  two-thirds  of  their  thickness,  were  nearly  doubled  in 
strength,  bat  the. extension  was  annihilated.  By  annei^liiig 
after  cold-zoUiug,  only  2 J  tons  of  the  gain  of  strength  re- 
mained, and  the  extension  was  doablerl. 

Krapp  Iron  Plates. 

Mr.  Kirkaldj  tested  a  number  oC  Krupp  iron  plates,  and. 
for  comparison,  Lowmoor  plates,  jj  iucli,  J  inch,  and  J  inch 
thick,  for  which  testing  specimens  2  inches  wide,  10  inches 
long  for  extension  were  jirepared.  The  s})e''imens  were  tested 
lengthwise,  crosswise,  annealed  and  unanuealed.  The  total 
average  results  were  as  follows  ; — 


Krupp. 

K liks tic  strength  per  :i^uure  inch    1 1*2  tons 

Ultimate    ,,  21  m  „ 

Katie  of  elastic  to   ultimate/-.,  . 
strength       .      .  f  «^  1  per  cent. 


Yorkshire. 

12  "2  tons 
20-2 


15 


Extension  at  iKMKxj  pounds  per 

square  inch 
Ultimate  extension  . 
Sectional  area  of  fracture  . 


,1-94 

22-r. 

(»(>-2 


1»U'4  per  cent. 
•85 


U-8 
81-4 


»7 


The  elastic  strength  of  the  annealed  specimens  wa.s  from 
*30  to  *60  tons  less  than  that  of  the  unanncaled  specimens. 

Tablb  181.-— Ultimate  Tensile  Stbength  of  Gal- 

vAKi&KD  Irox  Sheets. 


Tliickuesfi. 


B.  W.  a.  No.  25,  with  libre 
»,  ,.       across  fibre 

No.  23,  with  fibre 
„  ..       across  fibre 

„      No.  21,  with  fibre 


across  fibre 


Kxtonsion  In  r. 
KTlnches.     P^^^l  S<iuarc 


Rosistaiicp 
r  btjua 
Inch. 


9 

7-  4 

8-  5 

^\^'^ 
11-2 


Tons. 
27-4 

21-  8 
2r)-2 

22-  1 
24*6 
21-0 


French  Platd  Iroa  ani  Sheet  Iron. 

Iron  plates  and  sheets  are  generally  disposed  iu  six  classes.^ 
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Creusot  :- 
No.  2  . 
8  . 
4  . 


Tensile  Strength 

per  Square  Inch.  Rxtenftion. 

21  08  tons  6  per  cent. 


21-  40 

22-  08 

22-  10 
.32-(n 

23-  au 


10 
14 

18 
22 
26 


9f 


1 9-  05  tons  3  per  oeat. 
1905    „     iV  J, 

20-  yo  „  8 

22-22  12 

22-  SG    „  18 

23-  50    „  20 


99 
»> 
99 


Denaiu  and,  Anzin : — 

No.  2  .      .      .      .  .  , 

8.  Boilei*s 

4.  Coin  men  for  the  Mariu<^  . 

„   5.  Ordinary     „  J, 

„  i\,  Supeiior     „  „ 

„  7,  Fine  „  „ 

hi  general,  the  resistance  at  the  plates  for  the  marine 
across  the  grain  is  from  2}  tons  to  3}  tons  less  than  with  the 
^ain. 

Influenoe  of  Temperature  on  the  Tensile  Strength  of 

Wrotght-Iron.  . 

According  to  the  results  of  Sir  Wni.' Fairbairn's  experi- 
mentSy  the  strength  of  ordinary  Staffordshire  plates,  either 
with  or  across  the  grain,  remained  the  same  for  tempera- 
tui^  varying  from  D**  F.  to  400*  1".  This  higher  temperature 
is  that  of  steam'  of  235  IbS.  effective  pressure  per  square 
inch.  At  higher  temperatures,  the  strength  declined  until, 
at  a'  red  heat,  it  fiell  from  an  qYerage  of  20  tons  to  15}  tons 
per  square  inch. 

.  Table  182.— Decrkase  in  Tensile  Sthicngth  of 
Wbought-Ii^xh,  with  rise  of  Temperature. 

(Eollman.) 


Temperature. 

•• 

Decrease 

in 

iStrengtli. 

Veattpemture. 

* 

» 

't>e(»(Baii| 

in  r 
Strength.! 

Sentignide. 

Fahrenheit. 

Per  cent. 

.Centigmde.'  Fab^tofaeit. 

H 

Percent! 

« 

0 

82  , 

 iiOU  ^..-1112 

v«-   81  1 

206 

892 

5 

700      '  1292 

84 

800 
400 
.500  . 

752     *  27 
932     i  .  62 

...^00  ^  I   ,  U7f^ 
LOOO  1832 

■  1  , 

89  1 
96  1 

WB0UO£(1VIB0K». 


BUS 


M.  D^banve  states  that  the  statical  resistance  is  not  affected 
by  cold ;  but  that  the  lesistajice  to  shocks  is  diminished 
by  it.  For  temperatutes  from  0*  'C.  to  IOC*  0.,  or  32°  F. 
to  212**  F„  there  is  no  change ;  at  200*  C,  or  392°  F.,  the 
tensile  resistance  is  redticed  .5  per  cent. ;  at  300°  C,  or 
672°  F.,  reduced  10  per  cent. ;  at  500°  C,  or  932°  F.,  60  per 
cent.  :  at  7()0°  C,  or  1292°  F.,  80  per  cent. ;  at  1K)0°  C,  or 
l.«52^F.,  90  percent. ;  at  i,000'  C.,.or  1,832°  F.,  the  reduction 
of  strength  amounts  to  95  per  cent.,  leaving  5  per  cent,  of 
resisting  strength.  These  results  have  been  obtained  for 
iibrous  iron,  fine  grain  iron,  and  Bessemer  steel, . ' 

Working  Temperatures. 

The  leading  temperatures  at  which  iron  i^  worked. are 
these:—  •  • 


1  I 


Brown-Eed  Heat,  about  700°  C,  or  1,300  F. :  the  lower 
limit  for  working  iron. 

Okerry^Eed  maty  about  950°  C,  or  1 ,730'  F. :  iron  can  be 
dressed,  dr  rectified. 

llcd-  Wfhite  Ueat,  about  1,300"  Q.,  or  2,37P'  F.,;  iron  easily 

worked. 

•  •  •  ■ 

IFi?Wf«flf  iy^fl^,  about  i;«00°  0.,  or  2,730**  F. 

Experiments  .<tf  the  Uteel  Ckmanittee^  of  4Mvil  Bngineers, 

with  Bar  Iron. 

IJ  inch  round  bars  of  Lowmoor  iron,  and  S.  C.  Cro\\Ti, 
StaSordshire  iron,  were  tested  for  teiisional  strcnt^th  and 
compressive  strength,  to  the  elastic  limit,  as  well  as  fpr 
ultimate  tensile  strength.  The  bars  were  ija  lengths  of  10  fe^t, 
for  tension  and  for  conii)ression. 

The  summary  average  xcwUft  .of;  t^e  are  given  in 
Table  m  (p.  355).       *     .  *  . 

Transverse  Strength  of  Wronght-Iron. 

The  general  formula  (3),  page  322,  us  follows  : — 

^^XUndH    ....  (73) 

gives  the  tmnsverse  strength  of  wrought-iron  beams,  supported 
at  both  ends  and  loaded  at  the  middle,  by  substituting  for-« 
the  ultimate  tensile  strength  of  the  met^l.  Takings  =^ 
tons  per  square  inch.    *  .  ■ 

A  A 
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Trmifivrrsf'  Sfmifffh  of  Wrong kt-Ir mi  Brums  or  Ban 
mqtj)orted  at  hotji  rudSf  loaded,  at  tlip  viiddltt^ 

Squiwe  or  Rectmigulaw:        ^^i^^     .      .      ^  (74) 


'*  llound  '    ,    .  .W=:?:1^'.-.        \  .  /  (75) 

Wssload  at  middle,  in  tons.  * 

ft  =  breadth  of  beam,  in  inches. 
rf  =  depth  or  diameter,  in  inches.  . 
2= span,  in  inches.    *    '  ' 

For  wiouo^ht-iron  beams  of  other  tensile  strength,  the 
CO- efficients  to  be  employed  in  equations  (74)  and  (75),  are  as 
ioUows:^ —  ':    •'...»         T  . 

Tmile  strength.      <    >  Ooofficieut  for  Eqafttlon  (7<tii.,  JMr  fSqiifktlaIki  <75). 

21  tons        .    '  .      ;       24-5      -  '  15-3 

22  „      .       .       .    .       25-7  160 

23  „      ■  .  2(»'8  '  in-S 

24  „      .       .       .    .       28  0  17-5 

25  „  .       V  ....    m-i    .  '   \B2  . 

■ 

Reptangularsoction  .  .         .  l)^ ^^^^   ... ,      .  (76) 

.  •    •  '  '    '  . 

'        »  ■ 

Bound  section      -      »      .    .      •  r77^ 

'  -    *•   D = deflection  fn  inches.  . 
W=load  at  middle,  in  tons. 

,       breadth  if^ inches... 

r/  =  depth,  or  diameter,  in  inches.  . 
'  •  Z=span  in  inches,       '        .  •  . 

Tbraional  Strength  of  Wrongkt-Iron  Ban  or  Shafti. 

Taking^  thi3  ultimate  tensile  strength  of  wrought-iron  bars 
and  shafts  at  22J  tons  per  square  inch,  on  au  aiverage,  the 
formulae  for  the  torsional  strength  of  wrought  iron  are 
(p.  356):— 
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^  UlUmaU  Tot^timdl  Strength d^.Wkini4iM^ron  Barg  or. 

'         Shaft*.  I 

I       Round  bar  or  sl^aft  WIl    4-41^^    ,      ,    |.       .  (73) 

„        „        •„       ^  =  -283VWH        .;      .    .  (79) 
Square  „        i„  WR=6'H2h^  .    |  .      .  (80) 

;  „      „        .„       *=-251-yWH        .1     •    .  (81) 

The  elastic  torsional  strength  is  about  ^10  jer  cent,  of  the 
ultimate  torsional  strength. 

Torsional  deflection  of  wrought-iron  bars  anfl  ahafts  within 
the  elastic  limits  is  ^ven  by  the  formola : —  > 

Mastic  Tonional  Deflect  ion  of  Wrought-Irm  Bars  and 

Shafts.  '       •        .  - 

:     *  D=:^!^^.      ,      •    i  .      .  (82) 

WjssfoTce  in  ttns 

H=:  radius  of  force,  in  inches.  !    ..  - 

Wfi=mom^t  of  torce^  in  statical  inch-toi|8. 
.  d = diameter  pf  Toimd  shaft,  in  inches.  ^ 

b  =  side  of  square  shaft,  in  inches. 

I  =  length  of  shaft  subject  to  torsional  a4tioa»  in  inches. 
D:^  total  angi^lar  deflection  in  parts  of  obe  revolution. 

I  ~   1 

The  qqalities  of  i|Y>n  and  steel  depend  priijcipally  on  lihe 
'proportion  of  constituent  carbon^  thus.: —  1 

•  .  -         •      •  '    Pei^entftge  of  Carbon, 

Oiflinary  iron    ^    j.:.    )'  •             |    ~  /xi^ 

Bither'soft  or  mild  ste^l .    ]   "  '  " '            '  :    ^  ^  ^'^^ 

'Granular  iron  '           i    a.ik+^a.ak  i 

•Softer  mild  steel  .!     .    }  '  '      •      'j-  ^l^^o^-^^  j 

!  Steely  iron  or  puddled  steel  (  1 

iSemi-miid  steel      .t     .    J     '  •  .   '  ' 


Cemented  steel  •  ^ 
Hard  stec 
Cast-iiidn 


Hardsteel     .      .§  •  •    \  * 


0-45  to  a*o5  / 

0-65  to  1-60  41 
.  1-6  to  6  j 


•      *|*     ***    *  *'* 
Ur.  •X&kaldf's  Experiments. 

'  Steel  bars  of  from  ^  inch  to  1  inch  in  diameter  were  test<}d, 
land  proved  to  from  an  average  of  59  tons  per  square  inch  for 
Hool  steel,  to  an  aveiage  of  29  tons  for  puddled  steel.  The 

•  •  .     ^avk    «  .  ■  .  mm  mmmmm^  mm    ■   m^  k  •  ^wmbI 
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greatest  observred  ultimate  strength  wa9  66*2  tons  per  {square 
inch  for  tool-steel.  The  getieral  resalts-  are  gNea  in 
Table  184.  '  -  - 

» 

Tabl£  184— Bab  Sxfif^.:  Xsi^silb  i^TKENaxi^ 
(MK  Erkald^^-Sibmnary.)  : 


\ 
\ 

fixten- 
sion. 

.  Name. 

Treat- 1 

ment.  ■ 

WeijrhtDer 
8q.  Inch 
(average). 

Inch. 

Tons. 

Per  cent. 

Tool  steel 

Foigecl 

-58  to  -59 

r)9-21 

5-3 

Uaisei  steel     ,  , 

*al>  to 

Oi)  /  O 

.  7.1 

:  /  i 

Oil  ear  steel   .  . 

Ob  anci  oi 

O.Q7 

Drift  steel       .  . 

.erf? 

ol  76 

loo 

Bessemer  tool  steel 

•oa  to  '/g 

49  <  0 

Rivet  steel      ,  . 

Rolled 

•75 

47-75 

do-5'. 

Blister  steel  . 

Fcjrged; 

.  -57  to -60 

4G-5« 

9-7 

oteel  for  taps  .  . 

•i)7  and  o9 

4o*lo 

1  A.Q 

Krapp's  bolt  steel. 

Roile  I 

•91  to  •OS 

41-08 

tl5-3 

Homogeueoa s  | 
'  mel^Ll     . .  .J 

• 

40^47 

13-7 

Forged' 

-76 

11-9 

^ring  sleel 
Faddledsteer  .  \ 

•56't<r-57 

32-37 

<l8-0 

RoU^- 

:  -Tfto'l 

81-32 

a  1-3 

»j     ■  »>  • 

Forgec^ 

•75  and  .'77 

• 

"'29-40 

13-4 

• 

«                  •                                  •  • 

I 

I 


Szperiments  of  the  Stee^  Committee  with  Bar  Steel.* 

In  the  secoiid  aeries  of  (experiments  made  at  Woolwich 
Dockyard  the  object  Was  to  make  experiments  on  the  tension 
of  long  steel  bars  and  iron  bars,  mcasaring  the  changes  of 
length  directly  from  the  bars.  For  this  purpose  91  rouad  bars 
of  steel  and  iron,  each  14  feet  long,  1^  inches  in  diameteri 
were  ptocnred,  consisting  of  33  bars  of  crucible  steel,  34  bars 
of  Bessemer  steel,  12  bars  of  Ij-owmoor  iron,  6  bars  of  best  York- . 
shire  iron,  and  (>  bars  of  us^al  S.  C.  Crown,  or  StafTonlshire 
iron.  The  extensions  were  measured  on  10  feet  lougth  of  each 
bar,  and  for  compressive  tests,  the  bars  were  cut  to  a  len'j^th  of 
12  feet,  and  the  measurement.^  made  on  a  length  of  lU  feet. 
The  bars  were  tested  in  their  natural  skins.  They  were 
thoroughly  exMoain^di  straightened,  and  gauged  before  being 

*  For  a  d('tailefl  notice  ut'  tht^se  impurtaut  cxperimcuts,  see  M(\iiu>al  oj 
•  JJitZw,  TaUes,  amJ  Data,  Jiages  579,   *^    "  '  
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tested.  The  siiramar}''  results  have  been  given  for  bar  iron, 
page  349,  and  those  for  tbc  steel  bars  ia  Table  185,  preceding. 


 «  -      .«»       «    rf--  -w-^  -     -     -  —   _  

5  The  average  compositions  of  the  foregoing  steels  and  the 
Yorkshiie  iron  tested  at  the  same  time  were  as  follows ; — 

Oniefble  Steel.  BegsemerSteeL  Yorkflliire  Iron. 


Iron     •  , 
Carbon 
8ilicoiD 
Manganese 
Sulphur  • 
Phosphorus . 


Specific  gravity 


Percent. 

Per  cent. 

Percent. 

98-89 

99-20 

99*49 

•62 

•33 

*23 

•114 

*  *022 

•10 

•34 

•  -89 

•08 

•01 

•035 

•02 

•026 

•08 

lOO-(KK) 

.  •  99-997 

100-00 

•  7-842 

•  7-866 

7-758 

Hadfield'8  Manganese  SteeJL, 


Though  steel  becomes  brittle  when  the  cpastituent  manganese 
exceeds  2*76  perlcent)  yet  it  has  been  proved  by  Mr.  R.  A.  Had- 
field  tiittt  when  there  ia  a  proportion  cd&Bdt  less  thsn^f  per  cent, 
ofiibfiagaiiese,  up  t^  about  20  per.eent^^  the  product  is^a  new 
mieftal,  of  dupeiioc^dtrength.  *  The  Tahle'184  givee  oompaiatlve 
teneUe  '.etoengthsi-aad  cistensioas.  of-  Siemens  and  Bessemei 
8|eelS|.  iaeluding  mangamie  rteel  o£  thh  loUcmng:  oomposr^ 
tibn  >-«iroa,'.  '9800,  caiibon,  -Sfi,  fiilieon;  -^28;  'mlphiir^  *08. 
phosphorus,  r09|  todrtnanganesey  ld"75  per:  48enti 

Table  18G.— -Maijgane^^;  iSTEEii  akd  otheu  Uxld  ^jteels 


■1 


Description. 


BrenTcfng 


£xt^naion. 


Siemens 
Siemens;.  .  . 
B^sqemer  - . 

Siemens 
Basic  Bessemer 

Siemens . 


T6b». 


*  ' .  2G-1G  to  28  r>l 

.      i  2ii2i'r  „  28-21 

.         !  20-21  „  28-44 

1    .      .j  25-10  27-21: 

■     •  .  I  22  20      2o  80 

>  :  24>-54  ,,.28*29 


Manganese  steel  /     uA  ,  Jyi     „  >65 

m      i  i'  ■■  iiiiifL  irf 


Per  cent. 

81-  25  to  U'iVJ 

82-  78  ,,  87-50 
:u      „  85. 

8L    '     81  -1  « 
80     -f,,  34 
28  31 
39-8  ,,50-7. 


.  (I 


i 
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Description, 

Elastic 

limit,  per 
Incli. 

Ultimate 
Stren{?th 

per 
Sq.  Inch. 

Contrac- 
tion of 
Area  at 
Fracture. 

Extension 
in  Four 
Inches. 

•  * 

1.  Jicrf C  ptoCttS  Caff 

longitudinaU^  : — 
UnpresBed  ingot, 
.^x^sed  ingot  . 

14-45 

2918 
29-58 

MTV*  WUIto 

• 

4-41 
.7-90. 

X^T  twill. 

8-76 
12-61 

r.  • 

IX.  Tatt  pieces  cut^ 
tra7i8verselyj 
Uapressed  iiigot. 
,  Prised  ingot;  . 

• 

*  *  • 

11-43 
12*^8  , 

•  • 

28-04 
3007 

3-Gl 
7-&7 

7-91 
1.2-74 

Whitworth  Compressed  Steel. 

Steel  subjected  by  the  Whitworth  process  to  compression 
while  fluid,  under  a  pressure  of  from  4  tons  to  12  tons  per 
square  inch,  i^ains  in  solidity  and  strength.  In  one  instance 
the  specific  gravity  of  sound  crucible  steel  containing  0*54  per 
cent,  of  carbon,  was  increased  by  compression  from  7*8542  to 
7*8795.  The  density  of  steel  as  a  whole  is  increased  by  from 
8  per  cent,  to  12  per  cent,  by  compression  pressure.  Two 
sample  ingots,  pressed  and  unpressed,  contained  respectively 
0*5  per  cent,  and  0-39  per  cent,  of  carbon,  and  0*35  per  cent, 
and  0-4  per  cent,  of  manganese.  The  results  of  tests  for 
tensile  strength  are  given  in  Table  187,  the  data  of  which  are 
given  by  Mr.  W.  H.  Greenwood.  There  is  practically  very 
little  difference  in  the  strengths  of  pieces  cut  longitudinally 
and  transversely.  But  there  is  a  considerable  augmentation 
Qf  elastic  strength  by  compression. 

Strength  of  Steel  Plates. 

Mr.  Kirkaldy  tested  a  number  of  steel  j)lates  for  tensile 
strength,  the  results  of  which  are  summarised  in  Table  189. 
The  plates  were  fromfy-  inch  to  inch  thick  ;  and  it  is  shown  that 
'Whilst  the  puddled  steels  possessed  about  10  per  cent,  less 
liltimapte  strength  across  the  fibre  than  with  it,  the  cast  steel 
plates  !V)rece  at  least  as  strong  crosswise  as  lengthwise.  1 
I  Landore  steel  plates  tested  by  Mr.  Kirkaldy  were  shown  to 
h9Te  tlie  MLme  jraeietiDg  strength -length  wioo  and,  eioeowioe  as 
la  the  following  Table  188.  It  is  shown  that  the  annealed 
samples  have  abont  7}  per  cent,  less  tensile  resistance  than 
imannealed  samples. 
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t 


Elastic  strength;  tons 
Ultimate  strength  „ 
Coatraction  of  area  ( 
at  frascture,  p.  qent.  f 
Extension  ,\ 


Tensile  Strength  per  Square  luch. 


With  the  Grain. 


Annealed. 


12*8' 
28-8 

24*6 


-  Un- 
annealed. 


14-5 
311 

41-1. 

28*4 


Across  the  Grain. 


Annealed. 


12-8 
28-8 

23-6 


l?u- 
ann^aled. 


lt*4 
31-2  i 

40-5 
21*5 


Table  189.— Steel  Plates  :  Tensile'  Stbengt$.  • 

(Mr.  Kirkaldy — Snmmar3^) 


Description  of  &tee^ 


j  [     '    "       Breaking  Weight 
ThirVnfflu,  l'^^  SquareJLnclu_ 


+ 


Cast  steel . 
Puddled  steel 
Mild    puddled  | 
steel     .      .  j 
i  Hard   paddled  | 
steel    .      .  J 


Total  averages 


of 
Plate. 


Inch. 


With 
Fibre. 

Tons. 
8<S-82 


Across 
Fibre. 

T(.nH. 

3yyo 


^  to  1^  J  41  06  35-34 
i  to  £  I  33-16  I  30-22 

45-80.  38-11 


 1  

39-83  35-90 


Extt'nsion  in  ])arts 
of  the  Leugt}|.  . 


^Vith 
Fibre. 


Across 
Fibre. 


Per  cent.  Per  cent. 
12-90  j  13-9(i 
5-12  I  2-82 

4-90  1  5-70  - 
4-UO  j  3-30 


i 


(J-95 


I  

f)-44 

J  


v 


Elastic  tensile  strength,  per  J  ig-gg  ^j-g 

square  inch  .    '  .       .       .  J  : 

Ultimate  tensile  ati-ength,  per  i  00.07 
'  square  inch .      .      .      •  J 

Extension  .       .     ..  .  19-2  per  cent. 

Elastic  compressiye  strength  .  23  21  tons 

Ultimate         „  '.  71*24  „ 


'  The  following  ijpsnlts  of  tests  of  hematite  steel  and  Ki-upp 
^teel  are  given  as'  examples  comprising^  nltimalte  compijsssiv^ 
strength : — 

Hematite.        '  Krupp. 

19-10  toU 

42-07 

7-9  percent, 
2118  tops  * 
b9-30  ^ 
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Strength  of  Steel  as  affected  by  its  Chemical  Composition. 
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The  Table  190,  gives  the  experimental  results  of  tests 
of  Bessemer  tyre-steely  conducted  by  Mr.  J.  0.  Arnold,  with 
the  chemical  composition  of  the  steels  tested.  These  comprise 
i^amples  containing  yarious'  propoi^tions'  of  chromium  and 
mianganese,  as  well  as  of  carbon.  Ari  example  of  spring  steel 
is  introduced  in  this  Table,  showing  ^  the  ha^-deijiing  influence 
of  water  and  of  oil. 

Another  Table  191,  of  the  transverse  strength  of  steel  rails, 
shows  alsQ  t^^  variations  of  transveicse  strength  with  the  .per- 
centage of  catbon.  The  jails  wer^  d.oublc- headed,  6J  inched 
deep,  weighing  80  pounds  per  yard;  and  whilst  the  carbon 
mereosed-feom  '40  percenti'to  '56  per-centr,  the  ttl^i«a*e  le>ds 
Were  increased  fsom  40  too^  U>  52^.  tons.  • 

j  Tablb  191.— iTjtAKSVK^^  STBBiTGTH  oi' Steel  UAtlA  • 
IN  Relation  to  the  Constituent  Oabbon.  i 


8pan  48'n  inches.    Load  a.p])lied  at  the  middle.  ^ 


Cou- 
stitueiit 
Carbon. 

Ultinuite  strength. 

Elastic  Stt'ei^^h. 

Load, 

Di'tlt'ction.  Set. 

L()a<I. 

DeMection. 

Set. 

Per  cent. 
•4U 
•40 
•49 
•50 

• 

Tons. 
40 
40 
50 
52-5 
52-5 

Inch.  Incli. 

3-  94     '  3-74 
204  2-34 

4-  18  3-77 
4-08  4-28 
4-40     *  4-02 

Tons. 
15 

20 

.  22-5 
22-5 
25 

Per  cent. 
37-5 
50 
45 
43 
4.9 

Inch. 

•10 

•14 

•105 

•130 

•105 

Inch. 
•01 
•05 
•03 
•01 

■■•(T4 

'  .  •  • 

>  TABtiB  i192.'^TENSILE  STBEKOtB.  OF  STEEL  BAIILS  IN' 

T?FLATTOX  TO  Tin-:  PONSTTTTTENT  C\nV,Oy\ 


.''tfOlistihient 

f              •  » 

*  4 

XJUimatt<  Tensile 
Strength,  }ii  lon» 
l>er  Stiuare  Inch. 

Coiwtitueiit ' 

Ultimate  Ten  si  h' 
StrengtJi,  in  Toils 
per  Square  Inch. 

/ISoftRaiW.  ' 

•  *  Jffard  Rails. .  ' 

Vtiv  cent.. 
^  •2F** 
,  .-29  . 
1  '30 

•32 

Tons. 
30^90 
.  92^60. 

32-  94 
'  32-67 

33-  04 

Per  cent. 

•  -36 
-     -39  . 

f    ^'•'•43"  -1 
•44 
•46 

•  •«):• 

•57 

Tons.  " 
•      37-01   •  ' 
.  il  '41 

M  /'^ 

41-02-  **  ' 
44*00 
'  iS-7U 
5t)-42  • 

364 


STRENGTH  OF  MATERIALS. 


Thirty  Bessi'uiei'  stocl  mils,  manufactured  at  Barrow-in- 
Furness,  comprising  various  proportions  of  constituent  carbon, 
were  tested  for  tensile  strength,  with  the  results  given  by 
Mr.  J.  T.  Smith  in  Table  192,  showing  that  the  tensile  strength 
increased  from  30 '9  tons  to  50*42  tons  per  square  inch,  with 
the  proportions  of  carbon  from  '28  to  '57  per  cent. 


1.  • 


Table  193.— Tensile  Strength  of  Steel  in  Relation 

TO  THE  Constituent  Cabbon, 


1  Cimstituent 

Breaking 

Dost  riptiou  of  Steel. 

Carbon 

Wf  III. 

\\  oight  per 

Extension. 

'  (Api»roxiiiiate). 

Square  Inch. 

1      Per  cent. 

Tons. 

Per  cent. 

Webb  steel  . 

•20 

2S-0 

Vickers  No.  2  . 

.  '  -33 

30-4 

9-8 

No.  4 

•43 

34-0 

9-8 

No.  r> 

•4S 

37:> 

8-9 

No.  r» 

•r)3 

•i2-r> 

8-0 

No.  8 

•r>3 

4.5-0 

7-1 

No.  ^o 

.  ,  -74 

45-5 

5-0 

No.  12  . 

•S4 

r).'>-0 

8-0 

,,     N<j.  1 ') 

1-00 

<;o-o 

5-0 

„      No.  20  . 

i-2r) 

()9-(^ 

4-4 

'The  influence  of  the  constituent  carbon  otl'  the  tensile 
strength  of  steel  was  well  exemplified  by  Mr.  T.  Edwai'd 
A^ickers  in  18()1,  as  shown  in  the  Table  11)3.  To  render  the 
table  fuller,  the  strenfith  nnd  constituent  carbon  of  Mr.  WebVs 
steel  for  boiler  plates  are  prefixed,  in  the  first  line.  The  speci- 
mens of  Mr.  AMcki  rs  were  made  of  crucible  steel  from  Swedish 
iron.  They  were  turned  to  a  diameter  of  1  inch  for  a  clear 
length  of  14  inelios.  It  is  shown  tliat  the  ultimate  tensile 
strength  increases  with  the  carbon  from  2S  tons,  with  Jth  per 
cent,  of  carbon,  to  iW)  tons  per  square  inch  with  IJ  per  cent. 
pi  carbon. 

!  M.  Debauve  gives  the  folhnving  evidence  of  the  influence  of 

ihe  constituent  carbon,  in  the  case  of  steel  bars  tempered 

in  oil : — 
I 

• 

;  Constituent  ) 
j     carbon  I 

Elaatic  limit  -r- 


•15,  •41>,  -709,  '875  per  cent. 
20*32.  27-94.  43*18.  57*15  tons  i)er  «<|iwre  ineh. 
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»tTC«|tih      I  ^'^'^^  ^^^^  per  square  inch. 

. '  ■  [  4, 1  p^.eeat. 


*  'Strength  of  Long  Bound  Bteel  ColmniL^. 

The  safe  working  load  for  long  round  steel  columns  is  giren 
bv  means  of  the  following  formula  .  / 


W=rl400 


I* 


(83) 


W = safe  Toad  in  c wis.  •  * 

diameter  of  column  in  inches. 
2= length  of  column  between  suppp^ts  or  brackets,  in  feet. 

This  formula  is  speciallj  applieiible  io  the  case  of  hydraulic 
lifts,  as  well  as  to  the  case  o£  fixed  loads.  It  may  be  properly 
^ployed  for^columns  of  from  3  inches  to. 5  inches  in  diameter, 
and  for  lengths  of  from  25  feet  upf  to  50  feet,  for  columns  not 
less  than  3  inches  in  diameter ;  and  up  to  80  feet  for  5-inch 
colieibma  Taible  194  has  been  cAliiulA^sd  by  ndsafts  -  of  the 
.  fOipve  formula.  ./  .    . ... ;  .  .      .  , 

.^i^LB  194.— SAPE  LoAp^oiir  ^jpNG  ROUND  Steel  GoLUMiire. 


Diameter 

of 
fldluxniL 

Inches. 
3 

3i' 
4 

H 

5 


.Length  of  Coliimh  hct*iei*4  Supportis,  in  Pee*.  *  r  trit 


25  . 

30. 

^0 

45 

.60 

60 

•  • 

.  70  . 

.  SO 

Cwts. 

C>Yts. 

Cwts. 

Cwts. 

Cwts, 

Cwts. 

Cwts. 

Cwts 

r)0-r> 

42-0 

30-8 

23-6 

18-f> 

15^ 

t  •  • 

•  m  • 

•  •  • 

7(i-8 

53-4 

39-2 

3()-0 

23-7 

19-2 

•  •  • 

•  •  • 

•  •  • 

9(>-0 

m'7 

49-0 

37-5 

29-r, 

24-0 

i(;-7 

•  •  • 

•  •  • 

143-() 

73-1 

5(>-0 

44-2 

35-8 

25-0 

•  •  • 

•  •  • 

204-1 

141-7 

104-1 

79-7 

()3-0 

510 

35-4 

260 

•  •  • 

280-() 

194-4 

143-0 

109-4 

8()-4 

70-0 

48-6 

35-7 

27-3 

Transverse  Strength  of  SteeL 

'  Taking  the  ordinary  standard  of  ultimate  tenoile  strength, 
^2  tons  per  square  inch,  fpi  steel,  the  formula  for  dtoiOltuoAte 
trahsyerse  strength  is : —  '  ^ 

UltirP'Ote  Trann^erne  Stretigth  of  Steel  J^eavn  of  Uectatufular 
Sectionf  mjjportcd  at  the  Etids,  loaded  at  tlw  Middle, 


W= 


(84) 


For  some  other  values  of  tensile  strength,  the  nuti&erical 
coefficients  annexed  are  to  be  substituted  in  this  equation  : — 
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Tons.  Coefficient. 
30    .       .  .       ,  .  ;    .  35-0. 

3:)  ;  40-8 

45   /      .  52-5 

50    .  '     .       .       .  .  •    .    .  58-4 

The  proper  coefficient  f(>r  any  other  tensile  strength  is  found 
bj, multiplying  the  strength  in  tous  p^r  sqjoare  inch  by  1*167. 

ELaaiic  Dcjirction  of  Steel  Bars  or  Beams^  of  Beetangvlar 
SeetioTif  suj)ported  at  the  Endft,  Loaded  at  Middle, 

Bouna.,     ....   .-.    D=-~.      ...      ..    ..  .  C««} 


Ultimate  Torsional  Strength  of  Steel  Bars  er  QliafUi. 
Bonnd  bar  or  shaft  .  WB=6-27i2s       .      .      .      .  (87) 

Square  bar  or  shaft  .  WB2D8*99dP.  •  "  < .      .      •  (80) 


Mantie  Tifttu^  J>efi^tion  qf  St^l  Ba/r^  of!.  Shafts* 

.    ' i"*  •  ^   *  ^  * 't'"        "^'t    ■  -  ^  Tons  per 

•  ......     Square  Inch. 

Gasteopper    .      *     v  ;      *  *    ]  ii^ 

Wrought  copper  "    ,  '    .  ,  16 

Copper  bdks .  •      .    •  .    '  .      .   '  •    •  *     %     •  16"* 

Copper  bolts,  with  1  pert^nt,  .of  phosphoms    •      •  to 
I    •      •  '  19*20 

»  .  •    2  „         „       .  „    ,        .  .20-26 

•  •     •        •       4  '*  22*32 
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Tons  per 

Solid  drawn  copper  tube,  10  inches  in  diameteri  i  inch 
thick  (Btoiighton  Copper  Company) : —  ^ 
*C7nannealed  (elastic  limit,  16*84  tons  per  s^naire  indi)  18*64 
Annealed  •  (       »        ^'26        „        »    '    )'  •  13*^^ 

Brazed  copper  tabes  (Mr.  Mallisoii) : — , 
I^iain  sheet  nsed  for  steam  pipes  (35*7  per  cent,  extension)  14*81 
Bi^ased  and  hammered  :      .  (13;83  „     )  14*49 

Braced;  not  hammered      :     (17*14      „        „     )  JS*47 

Xlrawn  copper  tx^hes^  3  inches  in  diameter,  *181  inch 
to  -093  inch  thick  (Goodwin  &  'How) 

(Jnannealed;  longithdtiially  (extension  16*9  per  cent.)  18*6 
„        timsrexsely   {     .„    .  15*2        '  )  18*8 
.  Annealed,  longitudinally    ^  >    „ .  .  88-*0      „     )  14*7 
<  .     „       transversely .     ( •     >,      85*2      „ .     )  14*9 

Blttiore's  deposite<l  copper  tubes  (Goodwin  &  How) : — 
Unanuealed,  longitudinally  (extension  15-5  per  cent.)  17-(> 
„        •  transversely    (       „       '  6-()       „      )  1 4*0 
Annealed,  longitudinally     (      „      27-6      „      )  13*7 
„        transversely      •(      „       12*5      „    -)  9*6 

Tensile  strength  of   copper   steam   pipe   at  different 
temperatures  : —  '  ' 

Brazed  joints  at  150°  F.  No  reduction  of  strength  when  cold. 

„         n      370°.to  ?9Q°f  .,80percentiO£      »  ,j 
Solid  plate        „         „         „         „.        tf  •  if 

Cold  planishing :  increase  of  strength  :~ 

Bolid.pI$kte|  cold,  J  per  cent. 

;,  ■         hot  (from  330'*  to  410°)  5  per  gent. 
Joint,  cold,  17i  per  cent^ 

„     hot,  Hi      '„  •  ' 

Strength  the  same,  longitudinally  and  transversely. 
Brazed  joint  in  plain  sheet,  with  care  in  workmanship,  parts 
of  solid  joint,  75  per  cent.  ' 

Brazed  joint  in  pipe,  under  steam  of  1501b.  pressure,  60  to 
62  per  cent.  r  *     '  •  ^ 

Brazing  metal :  spelter,  49-15  per  cent.,  copper,  58*85  per  cent 

Tennle  Strength  of  AUoys     Popper.        ,  ' 

.^li^niinium  bronze,  castings  : —       ,  •  .       ;.f  r.  •  . 
•  **•      •       •       •    .   *    .  *  '       *,         Tons  per 

Square  tneh. 

Copper  89,  alaminiam  1 1  (extension,  0  to  5  per  cent.)  45  to  50 
'90,         „.       10  (       „        4to25     ,,       )  40  to  32 
„    95,.         „   .     5.  (    .  „      35to50     i*'      )  15  to  21 
n     ^^'1,        9>        2i0- '  45to60        '  )12tol5 

,»  u        HC      „-r^0to36     „      )  9  to  12 
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Tons  ]vpr 
Square  lucb. 

Aluminium  brass,  castings  :-r- 

2^0.  1.  Aluminium  bronze,  aud  mio  (ext^imon, 

10  to  1 4  per  cent.)  23  to  27 

No.  2.  Aluminium   bronze^  ^nd  zinc  (extension, 

H  t(i  11  per  cent.)        .       /      .       .  .36to38 
Brass,  fine  or  yellow,  2  copper.  1  zinc     '  •  ,    •      ^  12'fll0 
Bxass  tube,  02  copper,  38  /inc       •      .    '  i  .    ,   .  46 
,,     '0      ,,     30  .       ,       ,       «       •  30 

Muntz  metal,  (10  copper,  40  zinc  22 

Bronze,  ordinary  (extensioij,  1*2  to  4  per  cent.)  9'Otf  to  10  r>j> 

.  .Delta  metal ;  Copper  h  ?dnc    wjth  2  per  cent,  ot  iron  : — 

Qaat  in  sand  .     .      .   (extension,  21*6  per  cent.)  20*9 

.  Hard  rolled,  IJ-iUch  bars  ( ^     „      M^f      „  '  )  33*9 

„ .     aniiealed .  (     „  . '  -  „     •)  29-8 

Forged  at  dark  ifMl  beat      •  <r     ^     .  .  .36 

•  .Hammered  .or  rQ^ed  cold  «  }  . .      ,     .  upwards  .of  40 

0UU  metal,  12  copper,  i  tin  , ,      »  .     ,    : .      .   .  12*94 

•>        11    '«     .1  •  *    •  W'71 

.  w         1^.  .!»»••      *     •  •  .»  14*73 

r  5^     "      1  H        •       •       •       •      •  170O 

Manganese  bronze  :    copper  88,  tin  10,  iron  and  man- 
ganese, 2 : —  ■        ^   '      ■ '    ,  - 

Cast  under  pressure  (extension,  12*4  to  22  per  cent.)  3^*9  to  35 

Bods  rolled  hot.  I  .        .  •...•n;h.-  •  •          \  Qo.ii 

finished  cold  j  ^       »♦                    ..  "  ^^'^ 

Plates  rolled  hot,  j          •  .    ■  •     '      '   .  -  ' 

.    annealfi4,5w;th,,L(            .  ?8;8  to  47'*8r  '  „  •  )  30-10 

fibre      .       .  )                             •  * .  • 

plates  rolled  hot,  j  '  e  oq  k  * 

annealed,across  I  (      „      23*2  to  34*1  „  ■  )  1 

fibre    .       .    .(  ^'^ 

Phosphor-bronze.  (       „        3-6  to  33*4  „  )9*7to22'7 

Sterro-mctal  (Dr.  Anderson) 

Copper  10,  ii-on  10,  zinc  80      .      l      .      .  3*17 

n     00,  „     3,   „   39,  tin,  1*5      ...  24 
60,  yf    "4, ,  „   44,  2i— 

. . ,  Cast  in  saud,           .             l      .      .  19-25 

.  Cast  in  iron,.anm:aled    .      .      .      .  •24-25 

;^   ,«iCa8tiniroii,  lor^ed^redhot                     .  3i 

•  .  .      -   •  \-_    •        .  ■  . 
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Copper  ()0,  iron  2,  zinc  37,  tin  1 
»     <"»0,    „     2,  „     35,  „  2  . 
„     55,   „l-77,,  „  42-36  „-«3 
Cast  .... 


ToQR  per  Sq.  In. 
.  34 
.    .  38 


.  '  .  •  .  .  27  : 

Forged  red  hot               ,      -    .  ... 
2         Drawn  cold  33 

j  mtimate  Tensile  Strenffth  of  Lead,  Im,  Zine,  and  Olaes. 

L     _  Tbns  per  Bq.  In^ 

aLiead,  cast  .gjl 

\  „    sheet  .      .      ,      ,  '  ,  

•  „    pipe      w.  *  .      .  •  •  100 

Tin,  cast     .      .  •    .      .  •  211 

„    banco       .       .       .  '    .    .95 

.„   solder,  soft (2  tin,  1  lead^    .      ^  f  i^lii.  3  35 

Zinc,  cast        .  -    .      .  '  • .  •   .  -  I.34 

•  M-  -^eet,  with  grain  (London  ZiBO^Mills>  (extenM^l—^  *  - 

m^^  Percent.)         ^         r  .i..r 7.  i-i.t.  .Jf « 
Glass,  flint,  annealed  ,     .    ...n.  •  or  f.:r/m<4-07 

„     crown  ,      .  *    ,  *ri4 

„     thin  globes  2-23 

Table  195. — Ultimate  Tensile  Stbenqth  of  Wibb& 

. : .    (Mr.  Kirkaldgr.)      0  S  .  ;r  .  :r.rr-r«i 
Wires  from  4  to    inch  thick,  ^ei^oi^t  Phosphor  biODze» 

},  inch  thick. 


Wire. 

.  Ultimate  Tenfiile 
Strength  per 
Square  Inch. 

Exten- 

. •  •  :i     .  5 
Twists  in  Five 
Inches  of  Length. 

sion,  an- 

"An:  - 

"'tTnan-** 

An- 

! 

nealed. 

...    J 

nealed. 

nealed. 

nealed. 

1 

^  Coke  iron  . 

Tons. 

Tons. 

Per  cent. 

T^^nsts. 

Twists. 

28-71 

27-3() 

17 

2() 

44 

Charcoal  iron  . 

29U5 

23-99 

28 

48 

87 

Steel  .      ,  » 

5407 

33-32 

10-9 

* 

79 

Copper  .       .  ; 

28-18 

l(;-52 

34-1 

8(>-8 

9H 

Brass  . 

3(>-23 

23-01 

36-5 

14-7 

Phosphor  bronze,  ( 

i                       No.  1  ) 

'    „       No.  2 

» 

71-21 . 

26-27 

46*6 

'  ee 

(i7-4f) 

2.S-8() 

42-8 

15-8 

60 

No.  3 

(i2-12 

24- 15 

44-9 

17-3 

53 

5                 No.  4 

23-8H 

42-4 

18 

124 

t*  Of  the  eight  pieces  of  steel  tested,  3  stood  40  to  45  turns. 
rjrsrampoiTunii.  i.—- -  ■■. —  — 
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Table  19G.— Comparative  Tenacity  op  Metal  Wires 

AT  DIFFERENT  Temperatures. 

The  wires  tested  were  about  gj^th  inch  thick,  except  the  iroD 
wires,  which  were  ^^gth  inch  thick.  • 


Tons  per  Square  Inch. 

At  32"  P.' 

...  Jul 

At  212°  F. 

>^ .  -  • .  •  • » 
At  392'  F. 

Gold"  ... 

9-85 

8-25 

Platinum  .             .  . 

14-5U 

12-(50 

11-25 

Copper  

.  18-20 

15-90  . 

13-75 

i^ilver       .      ..  ... 

LS-05 

15-20 

1 1  -85 

Palladium 

23-30 

20-75 

17-85 

Iron  .      ..       .  ... 

•  ■ ' 

131-75 

124-70 

184-5 

The  steel  wire,  inch  thick,  of  the  Brooklyn  cable  railway, 
was  proved  to  an  avera^je  ultimate  tensile  strength  of  70*40 
tons  per  square  inch,  with  an  extension  of  7*3  per  cent. 


\:..  \  \ 


RESISTANCE  OF  STONES  AND  OTHER  BXTILDIKG 
*  MATERIALS. 


1  •  •  > 


Table  107.— Resistance  of  Stones  to  Crushing 

Stress. 

(Fairbairn.) 


Cube. 


I  Tncliea. 

G rcy wacko,  rcnmaeniiiniir  i  2 

(Ininile,  Mount  »<orreI      .  j  2 

{Syenite  ♦     .    .  '  2 

(jJninitc,  Bonar,  In  vera ry  .  1^ 
Limestone  .  .j  .  .  \\ 
Sandstone  .      j.    j  ,  .    .:  1 


Frac- 
tured 
at. 


Crushing  Fore* 


Crnslied 
at. 


Ton.^. 

18-1 

22 '9 

21-1 

7-6 
".^ 

1-4 

4-0 


Victoria  Ht/me  (irraniti  and  Portlanrl  cement,  steeped  \ 
in  a  solution  of  Hint).  r—     ■^-y-  »i  ■       ■  ■  .-^ 
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TABLB  l'97.-^BESISTA!KOEr  OF  •  BTOKSB  TO  OSUSHINS  SXBEii 

(coiUinMedy* 


'  1 


k  I.. 


:  .  ,CL.  Clark.) 

Bed  Sandstonb,  average  weight,  IHO'6  lbs.  per  cubic  loot ; 

 ,17,,r.nhic.ie£t  per  ton. 


Speciiucn. 

t-r'H  ■  I 


i 


t.  . 
—  * 


1 


No.  0.  (^uite  tliy,  set  between  l)oaixl 
Nt):  7.  Set  in  cement,  moderately ) 
damp  j' 


No.  9.  Set  iu  cement . 
...  tf^^^S^ 


Note.— Gave  way  suddenly. 


CuIkj. 

'  ' 

Cnish- 

ing 
Load: 

Load 
per 
Sq.  In. 

Load 
per 
Sq.  Ft; 

Inches. 

Tuns. 

Tons. 

 !  

Tons. 

8 

131-0 

:  a 

b'li\ 

82-1 

1 

•48 

['« 

1-75   j  252-0 

1 .  ... 

*    1  *  * 

[An&CES^'  Limestoxk.    Weii^ht,  165*25  lbs.  per  cubic  foot ; 

18^  cubic  feet  per  ton,  * 


No.  11.  Set  between  boards  .  •  ,  ^ 
No.  12.  began  V  » 

to  crack  at  25  tons      .      .      .  j 
No.  ISl '  Bet  between  boards .      .   .  i  B 
No.  14.  Tliree  separato  1  inch  Cubes  \ , 

se^  between  boards    .  .      .      .  )  * 


AveraiD^e 


20*58 

2-95 

424-8 

32*30 

3*60 

518-4 

80*95 

8^44 

496-4 

0'87  \ 

3^1$  ' 

449-8 

•3"28 

472*8 

(Debiiuve.) 


i  ! 


1  _ 


Granite :  hard,  tine  grain 
„  f.uarse  .grain 

slowly  d  o<  om  puses  iu  water 
I  :    line  j^i-ain       .  . 
coarse  graiu 
Basiflt'    .  .     .      .  . 

I,;iv;i  .       ■.  . 

'uipJiyry 

asper   

andfttone:  hai  i  . 

,,  senii-lianl,  f>r  tender 
^jiMostone :  for  building;  . 

I      ,1       soft  • 


Cubic  Fout. 


Pouncl 


s. 


Crusliing  ,  Cnikhing 
Force  per  Force  per 
Sq.  Inch,  I  Sq.  Foot. 


112-3 


i;u  to  ir,.; 
lls-5  to  i:ii 

S7'4  to  174  -7 
137  to  I7.'j 
87*4  to  137 


Tons.    I  Tons. 
0*4  to  9*0  '  922  to  1382 
4-4  to  6*4  ,  034  to  92^ 


3-8  to  5-7 

oil  to  821 

2-5  to  3-8 

300  to  547 

12-1 

1741! 

2-7 

38t» 

8-2 

,     ,  Ubl  , 

11-7 

1085 

2-2  to  4-J 

'M7  lo  70(i 

I  to  1 

73  to  'J74 

-i:i  to  7-r» 

1S>  to  10i^4 

1-4  to  7-0 

'202tolQ94 

-51  to  1*4 

78  to  202 

B  B  2 
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Table  198.— Resistance  of  8latb8  to  Bupjuke. 

(Debauve.)  

Pieces  of  Anjou  slate,  10  inches  square,  resting  by  their  four 
dges  on  a  flat  frame  bearing,  Mrefe  loaded  on  a  central  space 
;  inches  square.  < 


Thjoknesii. 

BreaHing  hood. 

Thicknesft.     |  Breaking  Load. 

Milliins. 

luch. 

Kilogrs. 

Pouuds. 

iSlilliins. 

Inch. 

Kilogrs. 

Pounds. 

1 

•0394 

8 

17-6 

5 

•1968 

120 

264 

2 

•0787 

35 

77 

6 

•2362 

150 

330 

.3 

•1181 

60 

110 

7 

•2766 

170 

374 

4 

•1575 

90 

198 

•  • 

• 

«  • 

1 

1'  1 

ABLE  199.— BbSISTANCE  OF  BRICKS  A2^D  B&IOKWOBK  TO 

CRusHiKa  Stress." 


Detcriptiou. 

1   rrr 

}  (Crushing 
Force  per 
Square  Inch. 

Crushing  1 
Force  i>er  1 
Square  Foot.! 

•  « 

« 

x*eu  •      • '      ••  .    .      •      •  .  • 
YeUow-faced,  biJ^Od  . 

  burned     •     \  . 

(Jia^lt  clay,  pressed 

„       wire-cut  .      ,      ,  , 

„       perEorated  . 

iFareham  red .      ,      .       .  . 
Staffoidshixie  blue^  pressed  #itfa  | 

-  n             rongh,  with-  j 
.           ..,    out  frogs  .  j 
.  .  „  :       r   Hambl et 's  / 

(Kirkcaldy)  ) 
Stourbridge  fireclaj  .      .      .  . 
iTividale  blue 

iSilcx  ferrine     .       .       .•      ,  . 
HMtrified  granite.  Oaiul3^'s 
'I\  i  ra-cutta  lire  and  sounql  proof  ( 
1    (before  crack  ill        ,  ^  .    .  ,,4 

Tons,  , 
'»68  • 
'  >44« 
•648 

1-  111  .  . 
1  -884 

~  T-UO'  " 
1044 

2-  500 

3100 

3-  276 

• 

7-890 

•  -718 
•620 
7-332 
3091 

•816 

12-31  to  14'?3 

^Tanfi.  .  I 
.  -1^1:6.  /I; 
.64^2  -I 

9^-e  |: 

160  I 

127-3  J; 

150-3  h 
360  1 

446-4  1 
471-6  J 

824  Y 

103-4  1. 
89-3  1 
1056-2  1: 
445*2     1 1 

1778  11 
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Table  199.— Resistance  of  Bricks  and  Brtckwouk  i 
*  "  Crushing  Stress  {c(^«^/7«//'^?). 


Cemented  Brickwork.    Best  quality. 


N^.  1,  9-incli  cube  set  ( 

between  deal  boards  J 
No.  2,  9-inch  cube  in  / 

cement  .  .  .  \ 
No.  H,  9-ineh  cube  in  / 

cement  .  .  .  ) 
No.  4,  9] -inch  cube  in  / 

cement  .  .  .  \ 
No.  5,  9-inch  cube,  be-  / 

tween  boards  .       .  i 


Average 


I 


Cube. 

Weiglit. 

Crush- 
in?; 
r.oiid. 

Loinl 

Square 
Inch. 

of  1' 

SquJU' 
Foot. 

iiclies. 

Pounds. 

Tons. 

Tons. 

Tons. 

J) 

K  t 

1  (i-dJ^ 
J  .1  .H 

*-^^'0 
Ol)  u 

9 

r>8 

22ir> 

•27 

88-9 

9 

52 

u;-42 

•20 

2S-8 

^4 

21*72 

•27 

88-9 

<» 

irvr»o 

•19 

27-1 

1  -28 

84'(> 

JVotf. —  Irregular  cracks  occurred  a  considerable  time 
before  the  blocks  2:ave  way. 


Table  200.— Resistance  of  Portland  Cement  Concret 

Blocks  to  Crushing  Stress. 

(Grant.) 


Portland  Cement  Concrete  Blocks  :  12  inch  cubes 
compressed,  12  months  old. 





1  cement  to  I  sand  and  ) 

gravel ) 


Cube.  Weiglit.! 


Crush- 

ing 
Load, 


Inches.  Pound.s.   Ton.s,  Tona. 


12 

12 
12 


170-5 

115-5  i 
9 10 


Load 

Load 

per 

per 

Square 

Squari 

Inch. 

Foot. 

Tona. 

Tons. 

118 

170-5 

•81 

115-5 

•08 

910 

logle 
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Table  201,— Ultimate  Tensile  Stbekgth  op  Stokeb. 


1  ' 

Etone. 

• 

ance  per 
Square  Inch. 

auee  per  ; 
Square  Foot^ 

Easalt  (Auvergne)  . 

Portland  limesUwe .  ./-...) 

Compact 

Silicious  '     „           .       .  , 
Oolitic                    .      >  , 
Brick  of  good  quality  .       .  , 
Bagneux  rock  (near  Paris) 

V     >             .           •  , 

Tons. 

•49 

•88 

•20 

•14 

•09 
.11  to  -13 
/    -09  •  '  . 

211b.  to  8501b. 
or  '15  ton. 

Tons. 
70-6 

54-7  ' 

29 

20-2  ^ 
13 

16-8  to  18-7 
13 

''Stone  wlir^  pipes     ,      .  ?| 

IjApLE  202. — Average  Working  Loads  for  Building  Materials 
and  Struotures  (Austrian  Association  of  Engineers). 

(1)  Weight  of  Matebtal8>,,  .  . ,  


MatorifO. 


TiMBEB 

— Oak--*: — 


Fine 


T.bs.  i>er 
Cubic  Foot.  , 


Fir    .      .      .      .  ^ 
Red  pine' 

Pitch  pine  .      .  •  ' '  .  '1 
Larch    •      •      .      »  . 
Metal  : — 

^  Wrongbt  iron  (per  ctibic  in^Sb,  ^28  lb.)* 


— W 
44 
44 

41 

44 


f  -  -  - 


•  ft 


Cstst  iron  ( 
Lead  ( 
.  Cojiper  ( 

Zinc  (  J, 

Beick  and  Stone  : — 
Hollow  bricks  .  •  ■  ♦  '* 
Orel  in  a ly  .  ♦ 

Flemish 

Rubble  Masonry  .  » 
Concrete  . 

Ashlar  sandstone  . '  '  , 

■  limestone 
Gr«nite .       .       .  . 


•27  lb.)  .  I 
•40  lb.)  .  . 

':^2  lb.) .  . 

•26  lb.)  . 

(Wet) 
.  87 
.    .  106 
.  125 


490 
468 
711 

449 

(Dry.) 

75 

94 
119 


I 


150 

150 
150  to  15<i  , 
162  to  169 

175 

uiyui-icti  b^Google 


i 
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Table  202.— (l)  Weight  op  Materials  {covti/u/ed). 


1  '  <  > 


Material. 


Various  Maxbrialb;— 
Broken  stone    .   -  . 
Fine  dry  sand 
Coarse  dry  sand 
Clay,  loam,  dry    .  \ 
„       wet . 
,  Lime  mortar,  ceaieht  mortar 
*  Asphalte,  .pure  .  *  ' 
-  „  concrete 

„  compr^s^ed 

Gypsum 

Window,  glass  • 


I 


Ll»s.  per 


87 
77 

84 
94 
119 
10(> 

no 
luo 

113 
72 

.  .165. 


Table  202.— <2)  Working  Stress. 


Tensile,  per 
Square  Inch. 

Compres- 
sive, per 
Square  Inch. 

Wrought  iron .  . 

Cast  iron    ,      .             .      .  . 

Oak  ;      ,       .      .  •  • 

Pine    .          '  .    •  ^    .  .      .  . 

Fir         "                 *  • 

Tons. 

1-5 

•60 
.  •54 
'  •42 
•42 
•42 

Tons. 
(>-0 
4-5 
•42 
.  •Sfi 

•3r> 

•33 
•33 

Table  2Q2.— (3)  WORKING  LoABS  ON  Foundations,  | 

Fouiulutiou. 

• 

Tons  per  • 
Sqiiare  Foot. 

MoTst  clay  and  sand  (protected  against  lateral  ) 

spreading)     .       .       .   •  ^.j'. 
Coarse  sand  and  dry  clay    .  .     .    '  .  ^  '', 
Firm  bedded  broken  stones  on  civy  clay  , 
Loose  impermeable  beds,  with  piling  .  ... 
11      '     11     I      '  11    «nd  concrete. 

1-  3(>  • 

2-  27  i 

3-  18 
-  .  1-82 

■          ^  • 

uiyiii^i-a  Ly  Google 
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Table  202.— (4)  Working  Load  on  Stone  Walls  and 

Columns. 


1 

Material, 

Tliick  Ashlar  walln  and 
single  bed -stones  and 
columns,  where  dia- 
niet-er  is  not  less  than 
half  the  heiLdit. 

Block-in-course  work 
and  crdunins  where 
<lianieter  is  from  half 
to   one  -  twelfth  of 
height 

Columns  where  dianio- 
tcr  is  less  than  one- 
twelfth  of  heij,dit. 

Granite,  })orp}iyry  . 

Hard  stone  

Medium  .stone  .... 
Soft  stone  

Lbs.  per 
.  Sq.  Inch. 
;  712 

214 
108 

Lbs.  per 
Sq.  Inch. 

570 

285 

142 

«  •  • 

Lbs.  per 
Sq.  Inch. 
285 

•  •  • 

•  •  • 

... 

t 

t     TABt.E  202.-— (5)  Working  Loads  on  Brickwork, 

Masonry,  kc. 

Description  of  Work. 

Walls  not  less  than  IS 
inches    thick,  and 
columns  where  dia- 
nieter  is  not  less  than 
one-sixth  of  height. 

Walls  under  IS  inches 
thick,  and  coUunns 
where    diameter  is 
from   one  -  sixth  to 
one-eighth  of  height. 

Columns  where  dia- 
meter  is  from  one- 

eightU  to  one-twelftli 
Of  height;'  - 

/ . .     .       .  ' 

Brickwork  in  Time  moi*tar  T 
„          cement         .  , 
•                Portland  cement 
Rubble  masonry  in  lime  mortar. 

M             cement  „  . 
Pressed  bricks  in  '      „      „  . 
„     •    '  Portland) 
cement  j 
Flemish  bricks  in    "  „ 
Portland  cement  concrete  .  . 

Lbs.  per 
Sq.  Inch, 
72 
108 
142 
o8 
72 
128 

172 

214 
KM) 

Lbs.  per 
Sq.  Inch. 

H(i 

72 
108 

•  •  • 
■  •  ■ 

114 
142 
172 

•  •  • 

Lbs.  JHT 

Sq.  lucJu, 

•  •  • 
■  ■  • 

44 

•  •  • 

•  •  • 

108 
114 
142 

•  •  • 
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Table  202.— (6)  Wokkiko  Loads  on  Flooes,  {Staibs,  and 
>  •  Booik 


.  .A' 


Location. 

WW  M  *  t    *     ^     •  y  •  f  • 


f  1 


Live  loads  on  floors : — 

Attic  floors   .      .      .      ,    *  • 
Dwelling-room  floors'    '         .  *  * 
Libraries,  daiKdhp  saloon^  kc. 
Stairs  and  piLdsages  .  '    .      .  * 
Business  premises,  workroOins,  &c. 
Hay  and  fruit  lofta  .      .      .    .  .*  . 
Workshops  atid  warehoilses  .      .      :  . 
Theatres,  concert  rooms,  wairehoiises  and  ] 
workshops  with   heayy  machinery  or  V 


special  loads  « 


Lbs.  per 


30-8  , 
61-2 
71-^ 
820 

92-2 
102 -5 
112-7 
Loads 
specially 


4'}\  adapted^ 


Dead  loads,  snow  and  wind,  on  jgaofs— in.Ihs*  per  sqiiarei>; 
yard  on  horizontal  plane  : — 


Single  tile  roof  .  . . 


Double 
Single  slate 
Double 

Zinc  or  galyanii>ed  ( 
iron .   '  '.   '    ,   .  j 

Carton -Pierre  . 

Sheet  iron  or  iron  | 
purlins   .      .   .  I 


Slope  of  IU)of. 


1  horizontal  to 
1'25  vertical 
1  to  1-25 
1  „  2-25 
I  „  2-26 

I  ,,  * 

1-  »>  .;: 


Dead 
Lioad. 


Lbs. 
!■  27*7 


15-4 
23-6 

B'2 


8-2 


4-1 


n  .  i  If 


I  4  ^ 


Snow 
and 
Wind. 

.  Total, . 

Lbs. 

Lbs. 

• 

53-3 

20-0 
19-5 
19-5 

n9-4  • 

34-9 
431  , 

15-4 

2»*6 

15-4 
'  10-4 

23  a 
19-5  . 

Table  202.  -(7)  Snow  akd  Wind. 


Weight  of  SHOW  .on  horizbntal  i         ^.^  ^  ^ 

Wind  pressure  on  surface  at  |  g^.^ 


right  angles  to  line  of  impact  1 
0.  do.  in 
positions 


Do.  do.  in  specially  exposed  i  ^^.^j 

•      •  •  j 


Digitized  by 


378 


STRENGTH  OF,  HATBRIALS. 

I  t  t 


£IV£T£I)  JOINTS  IK  BOILEfi  FLAIES. 


The  proportion  by  which  maximum  strength  of  riTcted 
joints  is  attained,  arc  ^iven  iu  Table  ia  terma  aL  tUick- 
ness  of  plates  and  diameter  of  rivets. 

iTablb-  208. — Fbopobtions  of  Riyetbd  Joints  ov  Maxi- 
mum Stbskoth. 

^bickncss  of  plates    .      .  canity 
sdiameter  of  rivets .      • '  •    s  thickness  of  plate  x  2. 
pitch  of  rivets  (single  rivet-' f  =sthickness  pf  .plat^e  x  5J. 
:  in^)  .      ,      /         .  f  =diameterof  nvet8x2i 
pitch  ~  of  rivets  (dduble  I  =  thiokness  of  plates  x  8, 

riveting)    '  .      .      '/  f  =  cliameter  of  riveto  x  4,  * 
diagonal    pitch    (doable'f  =  longitudinal  pitch  x  }. 

riveting)  .      .      .   .  j  ^diameter  of  rivetsx  3 

"  spacing  "  (double riveting)  =  longitudinal  pitch  x  '56,  or  ft. 

lo,.  /o;r,«i^  f  =thickne8S  of  plate  x  6 

lap  (single  nveting)        .  .|  ^J^ets  x  3 

jo«  rAr...\.\^  r>ur^^ir.^\  \  =  tWckness  of  plate  x  10'4S,  orlOJ 
iap  (double  riveting)    .   •  v=diaineter  of  JiveUx  5-24;or  6*! 

In  conformity  with  the  aV)ove  proportions,  the  upper  part  of 
•thefollowing  Table  204,  shows  the  dimensions  of  rivet- joints  in 
plates  from  inch  to  U  inch  thick,  for  the  last  of  which  1§  inch 
rivets  are  provided.  This  is  the  largest  size  of  rivets  ordinarily 
tised  in  boiler  construction.  For  plates  thicker  than  ^  inch, 
the  joints  are  to  be  made  with  1|  inich  rivets,  miitablj  pitched^ 
for  equal  z^istance  of  net  section  of  plate  and  shearing  resis- 
tance  of  rivets ;  and,  therefore;  for  maximum  strength  ndiea 
If  inch  rivets  are  used,  as  given  in  the  lower  paxt  of  the 
Table. 

.  For  boiler  plates  of  iron  and- of  steel  f  inch  in  thickness,  the 
freaking  or  ultimate  strength  of  riveted  joints  in  paxts  of  that 
of  the  entire  plate,  are  given  in  the  Table  205«^  These  relative 
values  are  deduced  from  the  results  of  numerous  ejcperimenta} 
tests.  The  nominal  diameter  pf  rivets— not  tbftji.oi  the  luret^ 
holes — is  adopted  in  calculation. 

The  percpi^tageof  breaking  strength  in  thelas^two  columns 
of  Table  20.1  may  be  adopted  ior  other  thicknesQ^  fit  plate 
to  ^  inch,  as  in  Table  20i,  upper  part  ;  except  the  values  fot 
single-riveted  lap  and  singlewelt,  which  for  thinner  than  J  inci 
])lates  are  higher  ;  and  for  thicker  plates  are  lower.  For  platel 
thicker  than  inch;  as  in  the  lower  pai:t  of  Table  204,  th# 
breaking  strengths  may  be  taken  as  approximately  in  the  pro* 
portion  of  the  net  sections  of  plate  as  percent  ages  of  tlie  entirf 
section.   These  are  here  subjoined  in  Table  206 : —  » 


uiyiu^-CU  Ly  GoOgU 


BIVETBU  JOlNm 
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Table  204. — Dimensions  of  Rivet  Johjtb. 


I'hick- 

11  CSS  of 

Plates. 


Inches. 

i 

10 

i 

f 


I 


3 
4 

11 
10 

1 

10 


ii. 


TMametet 

of 
Rivets. 


Inches. 


i 

,s 

K 
3 
•t 


1* 

IS 


Pitcll  of  Ri\rts. 


Single- 
Rivet- 
ing. 


Double  Kiveting. 


Inches. 


1 


^-;i^[-!Diagonal. 


liichpji^  I  Tiiches. 


^ 


•{  1 


1 

IJ 

2 

2i 
3 

81 
4 

5 

5J 

4-r,i(; 

[•401 
4-212 

l-(i4:) 


H 

n 

H 

8-si;7 

;i-4(;2 
:v.Hi)i 
:vir>i) 


Spacing 


Ttitrhes. 

! 

1? 

32 
*  in 

2 

h 

')  I 

"1(5 


2-lMj(l 
2-7H7 
2-51)7 

2-47:, 

2-370 
2-27r) 

2-iyi 


Siiiglc- 
Ki  vot- 
ing. 


Doubk' 
Rivet- 
ing. 


Inches.  Inche 


3 
I 

li 

li 

L 

-  I 

'  ) 

■n- 


a, 

4,', 

1.1 


'lo 

2 
7^ 


71 


•  I 

7.1 
71 
71 

7:1 


H  '  I-  7i 


Tablb  206. — Ultimate  Relative  Strength  of  Ritetbd 

Joints  in  3-inch  Boiler  Plates. 


t 

inoli  Plate  Joint 


o 


ca 


^1 


Rivets. 


!  Inch. 

Single-riveted  lap    .  <  | 

.    „.     single  welt  j  3 
:   „   doable  welt ' 

Double-riveted  lap  . 

„     fiino:lf  wt'lt  g 

,     „    double  welt  jl 


Dia- 
met^T. 


Inch. 

} 


Pitch  .S^iSl 


I'ltcn  l-s  fl-H  o 
longitu.  §.2 
dinally.jS*' 


TneheA.  Per  cent. 
2  ()'2-5 
2      1  ()2-'> 
2      1  62'5 


d  1  I 


8 


75 


Breaking 

Stren.utli  in 
Parts  of  that  ol 
.  \Vlu>itiPla^. 


IroD.  Steel. 


Per  cent.  I  Per  cent 

5(>     !  00 


50 
W) 

70 

.72 


58 

;  SO 
^  7S 


*  37'?"/'  Spacing''  is  the  pitch  of  the  loDgitudinal  centre- 
lines of  rivets  in  double-iiveted  joint.«;. 
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Table  200. — Ket  Plate  Section  op  Plates  }  inch  and 

UPWARPS  li^  yHlCJQiJiSg,  .   .  . 


Tliickness 
of  Plate 

Diameter 
of  Rivets. 

2Jet  Plate  Section  in  i«irt8  of  Whole 
Section. 

Single  Riyeting.  [  Double  riveting. 

 — ;  '^'-"-t  

_  -  i, 

Inches. 

} 

V 

■  ^«  ■ 

If 

If 
It 

If 
1| 
If 

\  u 

Percent         .  Percent. 

60- 4  78-5 
*  68-6  71-7 

56*8           1  70*2 
6e5'0           •  68-8 
53-4           .  67-4 

61-  9  66*0 
50*5         '  64-7 

The  most  suitable  pitches  for  given  diameters  of  rivets,  oDr,  on 
the  contrary,  the  most  suitable  diameters  of  rivets  for  given 
pitches,  in  order  t^  form  Joints  of  equal  redstance,  may  be 
calculated  by  means  of  the  following  formnlse  (d2^  and  (93), 
as,  of  course,  pltehes  and  diameters  may  be  adopted  other  than 
those  which  aie  above-recommended  : —  • 

single  riveted  lap  joint : —  -f   ^  

:        '         \d=  y/i  ^dt  p  +  -86  ^2^-60  t  .  (1)8) 

These  f ormulad  are  applicable  -also  for  single-riveted  sii^le- 


flottbie  riveted  lat»  joints  - 


t 


These  formulae  are  applicable  also  for  double^rivetod  single* 
welt  and  double-welt  joints* 


BOICEB  8HSLI8. 


The  biii*stiTig  strength  per  square  inch  of  a  cylindrical  boiler 
shell  is  twice  as  much  longitudinally,  that  is  to  say,  parallel  to 
the  axis,  as  it  is  transversely. 

Bulging  pressure          ;?==ii^!i!£f       .      .      .      •  (96) 


thickness  of  plates 


••  • 
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ultimate  tensile  strength  of  plates  s=  f^^         .      .  (i)8) 

d  =  internal  diameter,  in  inches. 
t  =  thickness  of  plate,  in  inches. 

'  A  =:  ultimate  tensile  strength  of  plate,  in  tons  per  square  inch. 
= effective  steam  pressure,  in  pounds  per  square  inch. 

When  the  shell  is  constructed  with  riveted  joints,  the  tensile 
strength  «  is  to  be  reduced  in  the  ratio  Oi^  the  ultimate  strength 
of  the  whole  plate  to  that  of  the  joint. 

The  resistence  of  a  hollow  sphere  to  internal  pressure  is  twice 
as  much  as  that  of  a  ^  tube  of  equal  diameter  and  equal, 
thickness. 

» 

Mmgth  of  SmiLs  el  CylliMbrieal  Stoaai  Boiltra. 

For  a  fiat  ciid-platc  forming  the  tennination  of  a  cyliudrical 
shell,  unstayed  or  unsupported  except  at  the  circumference, 
the  ultimate  elastic  deflection  under  internal  pressure  is  given 
by  the  formulae : — 

J  _  radius  _  r  . 

ft  * 

diameter    d  zh^n 
,      •     .  ,  (100) 

•  •  *  • 

5  =  deflection  at  the  centre  in  inches. 
r= radius  of  the  cylinder,  in  inches. 
^= diameter  of  the  cylinder  in  inches. 

The  relative  intcnial  pressure  and  stress  in  the  end-plate 
strained  to  the  elastic  limit,  are  given  by  this  formula  : — 

815^#       '  ^lAix 
i;=-g—      .      .      .      ,  (101) 

=  effective  internal  pressure,  in  lbs.  per  square  inch. 
^  =  thickness  of  end-plate,  in  inches. 
\      ^  =  tensile  stress  in  end-plate,  in  tons  per  square  inch  at  the 
elastic  limit. 

Tins  formula  Ir  applicable  for  steel  plates,  as  for  iron  plates, 
taking  the  elastic  limit  to  ))e  the  same  for  both  metals,  namely, 
j^J^-th  of  the  length.  Tlie  elastic  strength,  .f,  is,  for  iron,  1 2  tons  ; 
'  for  steel  11  tons  per  scpiarc  inch.  Substituting  these  values 
in  formula  (lol),  the  final  formulae  are  derived  for  the  elastic 
strength  of  circular  flat  end-pl{it^»s  of  iron  and  of  steel,  of  uni- 
form thickness,  fastened  at  the  circumference,,  es^pused  to 
bulging  pressuie  uniformly  distributed  ; — 
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for  iron,  •        /;= 10,000  ?  .  '     .       .       .  (102) 

for  stoel,  .     w  =  U,5O0i      .       .       .    .  (IC^S) 

(It 

j7=oii  ginpf  pressure,  in  lbs.  per  square  inch. 
^  =  thickaess  of  the  plate,  in  inches. 

i^ssdiameti^r  of  the  pla4»,  in  inches,  meaaared  to  the  ciieoiai 
line  of  jonction. 

JiHat  Cast'irm  Ends,^ 

• 

The  elastic  strength  of  flat  cast-iron  ends,  adopting  an  ez* 
tension  of  i^j^th  part  of  the  length,  as  for  iron  and  steel,  corre* 
spondingto  a  tensile  tern  of  t^'t<iii»  pei  squtto^  ineii.  is  ex- 
pressed by  the  f ormulse  : — . 

•  8=^.  .    '  .       .       .  (104) 

j;=400oi      .       .       .       .*  (105) 

5=:deflection  at  centre,  within  the  elastic  limit,  iu  inches. 

:    =  diameter  of  the  line  of  fastening,  in  inches. 

t  =  thickness  of  the  plate  in  inches. 

elastic  bulging  pr^are,  in  lbs.  pe^  sqoiuire  inch,  oniformij 
distributed.  ' 

For  cast-iron  of  stronger  ([uality.  the  co-eiSicient  in  formula 
(103)  itj  to  be  increased  in  proportion,  ' 


»  ♦ 


Hegiiiental  Hnds. 

The  lelation  of  the  internal  pressure  and  stress  in  a  s^- 
mental  or  spberjcal  ei^d^  of  ^  oyUndrical  .sbell,  ia  given  bj 
the  formula : — 

;  V      .       .       .  (106) 

internal  pte^rej  iii  lbs.  pet  scj^uai^e  inch, 
thickness  of  segmental  end,  iu  inches. 
/«= tensile  stress  in  the  plate,  iu  tons  per  square,  inch, 

r==ratlius  of  the  circular  junction,  in  inches.  >  • 
0  =  versed  bine  or  rise  of  the  segment,  in  inchen. 


<  * 

r       •  >    I  ■ 


Substituting  for  the  values  of  s  :  12  tons  for  wrought  Lrou, 
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14  tons  for  steel,*  and  5  tons  for  cast  iron,  the  formuU 
beeomes " 

Wrought  iron,  jp=xl^^^9^  .      •      .      .  (107) 

V 

steel,    :     .                j,=.]^^,  ;  ,      ,  (108) 

r      .  ,  , 

Cast-iron,                                   .  .  '          .  (100) 

The  versecl  sine  or  vise  at  the  centre  of  a  spherical  sclent 
having  the  same  elastic  stren^h  as  the  body  of  the  cylinder^ 
measured  by  the  internal  ])ressure,  is,  sny,  one-fourth  of  the 
radius  of  the  end  of  the  cylinder,  or  one-eighth  of  its  dia- 
meter. 

'  8trmgth  qf  Hnyed  Jlat  jflates  of  steq/hh  hoiterit. 

The  relative  iiitemal  pressure  and  stress  in  a  flat-stajed 
pUte^  strained  /to^ite  elastic  -  limit/  are  given  by  the 
formttla  *: —  / 

•   •    ^^^^     '  •  CUO). 

t' 

=  internal  pressure  in  lbs.  per  square  inch. 
^  =  thickness  of  the  plate  in  inches. 

rf  =  clear  distance  apart  between  the  bolts  in  rectangular 

arrangement. 

x  =  tensile  stress  in  the.pl^te,  in  tona  pei; ckuai;^ ^nch,  at  the 
elastic  limit;  "       .  '  .  .  . 

When  the  pitches  of  the  staybolts,  yertically  and  ft^ans* 
Tersely,  are  not  equal  to  each  other,  the  greater  clear  distance 
is  to  he  taken  for  calculation. 

Reducing  the  above  formula  (1 10)  for  iron  and  for  steel  plates, 
of  which  the  values  of  s  are  taken  as  12  tons  and  14  tons  re- 
spectively, and  also  inycrting  the  fofmul?^  to  find  the  thick- 
ness of  plate,  and  the  clear  distance  apart  of  thie  sdiiybolts,  the 
following  formnlsB  are  obtained  : — 

^  Fbrtron,     *    '  Forsteel.     '  , 

jp=5,000*      .  '     ,     ^>  =  5,700^  .  .   ..  >.h.    (Ill)  . 
d  .a 

t^jL,       .      ,  .  .  .    .  (112) 

5,000  5,700 

._6,000<  ,   6,700^    '  *  ' 

a»,-L—       .  tf=J — ,  ,  (lU) 

p  p 
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The  proper  diameter  of  screwed  stay  bolts,  at  the  OAse  of  the 
thread,  struned  to  the  elastic  limit,  siinultaneoaslj  vni^  tihe 
plate,  is  given  by  fonnula : —   

<i'=  0024\/L?l£    .      .      .  (114) 

diameter  of  stay  bolts,  a#  btae  of  thread. 
P  A  pitch  of  stay  bolts  between  centres,  longitudinally. 
P'=    „  „  „  transversely, 

p  ssmazimiim  effective  elabtic  pressure,  in  lbs,  per  square 

inch,  on  the  plate. 
9  a  elastic  tensile  strength  of  staybolts,  in  tons  per  square 

inch. 

For  bulls  of  iioii,  steel,  and  copper,  having  respectively 
12  tons,  14  tons,  and  8  tons,  elastic  tensile  strength  per  square 
inch,  the  special  formuhii  for  the  proper  diameter  of  the  stay- 
bolts,  at  the  b^  pf  .)bUe  jtlue^^  SLVt : — . 

Iron  ii'=-00069  . '     ^'^I^^^'.^^F  CHS) 

Steelc?'=-00064^^^>  ^  <^  .  ,  X^^) 

Copper^'  =  -00084^^^>^^'-^-'^^^»*^V^        .  ^HT) 

Plain  furnace- tubes  of  Lancashire  and  ComiRh  steam- 
boilers,  without  stiffening  joints,  have  the  maximum  resistance 
to  collapsing  pressure  under  steam,  according  to  the 
formula:-**        •      .    '         -  - 

j?=  —  3-      -  .      ......    .  LlXoj 

p  s^coUapsiug  pi>e80ui;e,  in  lbs,  ,per  .squaioe  incHi. 

t  ^thickness  pf  the.  {dfttes  ol the  inniAee^titbe  in  inches^ 

^  s^intemal  diameter  of  the  furnace  tiobe  Sa  snches^  • 

This  formula  is  applicable  to  furnace-tubes  of  lengths  of 
over  9  feet.  Tubes  of  shorter  length  derive  natural  assistance 
frotn  the  end  fastenings: 

•     .    .    Segmental  CteiOM  offumaeei. 

The  elastic  resistiiuce  ^f  a  S'jgiaeulal  crown  of  a  cylindrical 
.ucnace,  to  collapsing  pressure  externally  may  be  formulated 
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9 

in.  the  same  tenns  asthezesistaiice  to  buistiiig  pressure  iutter- 
nallj,  here  repeated : — 

B9G0ts 



t  s: thickness  of  plate,  in  inches. 
r  =  radius  of  circoiar  junction,  in  inches. 
V  =  versed  sine,  or  rise  of  segment,  in  inches. 
p  asextemal  coliiapsing  pressure,  in  lbs.  per  square  inch. 
8  rscompiessive  stress  in  the  segment^  in  tons  per  square 
inch. 

For  the  application  of  this  formula,  it  is  assumed  that  the 
spherical  segment  is  perfectly  formed.  A  segment  of  which 
the  rise  is  one-eii^hth  of  the  diameter  of  the  cvlindrical  base 
is  equally  stressed  with  the  base,  under  equal  external 
pressure  per  square  inch. 

When  the  spherical  segment  is  a  hemisphere,  made  of  plates 
equal  in  thickness  to  those  of  the  cylinder,  it  is  stressed  to  only 
half  the  extent  per  square  inch  to  which  the.  cylinder  is 
stressed. 

Hydraulic,  Steam,  and  other  Hollow  Cylinders. 

The  resistance  of,  say,  a  hydraulic  ram,  to  bursting  pressure, 
is  unequally  distributed  over  the  transverse  section  of  the 
ram,  being  a  maximum  at  the  interior  surface,  diminishirt^' 
radially  to  a  minimum  at  the  outer  surface.  The  ine(iaality 
of  active  resistance  arises  from  the  stretching  of  tlic  material 
exposed  to  pressure,  up  to  and  beyond  the  clastic  limit. 

The  formulas  for  resistancCj  in  their  most  general  form,  arc 
as  follows  : — -  *  ' 

j^=«  X  hyp  log.  R.        .      .      .  (120) 

 t          ' .  •  *     .  .  (lai) 

.    .  hyp  log.  K. 

hyp'log.  Bar-?-       .       .       .       .  (122) 

d'=dxl^  (128) 

^^4(R^        ....  (124) 
2  ^  ^ 
if  :s  inside^ftiameter/in'inches:' 
i'  soutside  diameter,  in  inches.- 
j7  as  internal  pore^ure  in  tons  per  square  inch. 
,  #?ma3rimnm  tensile  stress,  in  tons      square  inoki 

B  =  ratio  of  outside  diameter  to  inside  diameter,  or  '4- 

ifo^.-^The  pressure  and  atress  may  be  expressed  ia  hundred* 
weights  or  in  pounds* 
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In  eases  where  the  internal  tensionai  stress  on  the  material 
exceeds  the  clastic  limit,  the  formuhis  are  to  be  taken  as  only 
approximate.  But  it  is  believed  that  in  such  cases  they  are 
substantially  correct  for  practical  purposes.  They  are  takea 
as  correct  for  maximum  teusionai  stress  not  exceeding  the 
clastic  limit. 

The  average  tensioiud  stieiBs  on  the  metal  is  equal  to^ 

That  is  to  say,  it  is  equal  in  tcms  per  square  inch  to  the  product 
of  the  inside  diameter  by  the  inteiual  pMsnve  in  tons  per 
square  inch,  divided  by  the  difEerence  of  the  inside  and  outside 
cUameters. 

.  Examj)le. — To  tind  the  bursting  pressure  of  a  cast-iron 
cylinder  8  inches  in  diameter  inside^  and  25  inches  oatsidey 
the  ultimate  tensile  strength  of  the  metal  being  7  tons  per 
square  inch.  The  ratio  of  the  diameters  is  (25-^8  =  )  iJ12,  of 
which  the  hyperboii.Q  logarithm  is  1*1378.  By  formula  (120), 
the  bursting  pressure  is  (7  x  1  1378 = )  7*U6  tons  per  square  inch. 
The  average  stress  over  the  whole  sectional  area  of  the  metal 
is  equal  to  (8  x  7*96)  -r-  (,25  -  8)  =  3'75  tons  per  square  inch  of 
section  of  metalv    *  « * 

2nd  Example, — Tu  Hud  the  bursting  pressure  of  a  hydraulic 
tube  1^  inches  in  bure,  inch  thick  ;  the  direct  ultimate  ten- 
sile strength  being  22  tons  per  square  inch.  The  ratio  of  the 
outside  and  inside  diameters  is  C2^-t-14  =  )  1*33,  the  hyperbolic 
logarithm  of  which  is  •2852.  By  formula  (12 J),  the  bursting 
pressure  is  6*27  tuns,  or  l-l.U-1.3  pounds  jicr  square  inch.  The 
tube  had  been  proved  to  a  pressui'e  of  ii,OUU  pounds  without 
failure.  .       .  . 

.  In  cases  where  the  diameter  is  considerable  in  relation  to  the 
thickness,  the  transverse  refsistande  to  bursting  pressure  is 
taken  as  equal  to  the  direct  tensile  strength  per  square'inch  of 
secUonal  area,  according  to  the  common  rules  already  given. 


WX&S  BorXB  AKA  BEXF.  XO£BS. 
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¥he  comprehoiisivc  Tables  207  to  211,  of  the  weight  and 
strength  of  wire  ropes  manufactured  by  Messrs.  Dixon  ^S: 
Corbitt  and  11.  v5.  !Newall  cV,  Cu.,  comprise  qualities  varying 
from  annealed  iron  having  an  ultimate  tensile  strength  of 
25  tons  per  square  inch,  and  charepal  iron  wir^  of  3?^  tons  pier 


uiyui<.ca  Ly  Google 


BOFB». 


387 


squate  inch,  to  special  or  extra  plough  steel  wire  of  150  tuns. 
The  "  patent  steel "  is  cntcible  steel  er  ^pen  beartb  ste^  ^ 
hardened  and  tempered  by  a  special  process.   The  '.breaking 
sirrengths  have  been  catef  tdlj  ascertained.   They  aire  based  on  ^ 

the  most  common  system  of  construction     round  ropes  of  ' 
6  strands  of  7  wires  each,  or  6  strands  of  6  wIj^h  oach.   In  the 
lirst  there  are  6  wires  over  a  central  wire ;  in  the  second,  ' 
6  wires  over  a  hemp  core.   With  such  proportions,  the  cylin- 
dlical  form  is  best  maintained,  and  splicing  is  most  readily  ' 
effected.    But  roi>es  are  made  with  from  3  to  12  strands.  : 
Wires  vary  from  '010  inch  to  '212  inch  in  diameter  for  6-strand 
ropes  of  7  wii*es  in  each  strand.   But  conductor  or  guide-ropes 
of  7  wires  forming  a  strand  have  been  made  of  |  inch  rods. 

Tables  212  and  213  give  the  sizes  and  strength  of  hemp  ropes 
by  Messrs.  Dixon  ^  Corbitt  and  R.  S.  Newall  k  Co.  For 
the  dimensions  of  cotton  ropes,  the  same  liim  assume  that 
cotton  is  equal  in  strength  to  hemp  ;  and  for  coir  ropes,  that 
coir,  ur  cocoa- tibre,  is  of  half  the  strength. 

¥ov  vertical  winding  at  a  high  speed,  they  adopt  one-tenth  i 
of  the  breaking  stress  as  a  safe  working  load.    But  the  load  * 
may,  with  suitable  working  conditions,  be  increased  to  a  value 
of  one-eighth.    The  gross  weight  hanging  over  the  pulley  is  , 
taken  as  the  ^vo^king  load. 

For  hauling,  the  working  load  is  usually  taken  by  them  at  - 
une-sixth  of  the  breaking  stress  ;  and  the  following  form  of 
calculation  for  determining  the  proper  size  of  rope,  has  been  • 
found  by  expurionce  to  be  satisfactory  : — Take  an  inclined  . 
plane,  say,  800  yards  in  length  ;  load,  20  tons ;  niaximum 
ii^ciinatioju  of  road,  7  degrees,  or  I  in  ^'14.     ^  .  .     !  • 


Gravity  of  load,  20  tons  x  272*98  lbs.  per  ton  .  49  0  16 
Friction  of  load,  20  tons  x  20  lbs.  per  ton  .  .  3  2  8 
Gravity  of  rope,  SOO  yards,  at  2  lbs.  per  yard,  = 

1600  lbs.  ~  8-14   .       .13  1 


'  Calcuilationfor  Moni^tamti. 


cwts.  qrs.  lbs. 


Friction  of  rope,  1600  lbs.  ^  20  . 
•  ♦ 

Total  working  stress  or  load 


0   2  2i 


55  0  31  : 
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Table  207.— Round  Wire  Ropes:  Weight 


Sizes. 


B 

5 


11)8. 
2 


i 

3'i 

n 
10 

?^ 

4 

S5 
3*2 

i 
i 

15 

1^ 
A 
H 
life 

111 
in 

1§S 


c 

I 

I 

5 
O 


I  us. 

1* 
li 
1« 
li 
ll 

li 
li 

-H 

2i 
23 
2i 
2^ 
2i 

n 

3  J 
31 
3| 
3i 
H 
3f 
3J 
4 

4i 
4? 

4i 

4i 

4i 

O 

5i 
5f 
6 


Weights 

per 
Fatlioin. 


C  Strands, 


Lbs. 
1-2 

1-5 

1-  8 

2-  1 


03 


Lbs. 
11 

1-8 

ir, 

I'D 

2:j 

3r> 

4-0 
4-4 

4-  y 

5-  5 
()-0 
(>•() 
7*2 
7-8 

H-r> 

[)'\ 

lO-(> 
Bll-4 
1 2*2 
IHO 
IHl) 
14-8 
1.V7 

17G 

19-  6 

20-  0 

21-  7 
24-0 

28-7 
3 


2-  5 
29 
8-3 

3-  8 

4-  3 

4-  8 

5-  3 

()•() 
7-1 

7-  8 

8-  5 

9-  2 
9-9 

10-  7 

11-  5 

12-  :- 

13-  2 
141 
L5MI 

16-  0 

17-  0 

18-  0  1( 

19-  0 
21-2 
22*0  20 
23-5 
2(V0 
28-5 
31-1 
34-0  31 


Cliai 

^oal  Ir'Hi. 

Besaemer  Steel, 

Phosphor 

or  Ingot  Iron. 

Bronze. 

1 

Working 
Load. 

Working 
Loa<l. 

Working 
Load. 

to 

B  d 

tc 

— 

—  — 

Break  i 
St  rail 

Ph 

IncliDi 

Breaki 
Straii 

C-i 

Inclin 

Break 
Strai 

• 

•mm 

Inclin 

Tons. 

Uwts. 

(Jwts. 

Tons. 

Cwts, 

Uwts. 

Tons. 

Cw-ta-ICwte. 

1*9 

3 

;) 

o.o 

4 

7 
1 

9*9 

4 

4 

i 

5 

o 
o 

2*/ 

5 

1> 

O  J 

C 

0.9 

10 

3*3 

(i 

1  1 

or* 

7 

1  9 
1 J 

0  0 

12 

J  /ft 

4*0 

8 

1  'i 

r() 

9t 

1 0 

4  n 

9 

15 

4*i> 

9 

t  r 

^  ••> 

■4    J  ft 

10 

1  7 

r»«9 

10 

17 

{>*2 

10 

t  " 
1  / 

uM  J 

12 

9  A 
ZO 

n«o 

12 

20 

()'2 

12 

iO 

<  0 

14 

9 'J 

/  I' 

23 

/•() 

14 

23 

U.I  1 

IC) 

Oil 

0 

16 

26 

7w 

15 

o.o 

r>  n 

18 

90 

0  ^1 

1 

29 

8'j) 

17 

2«S 

9-8 

20 

Q9 

20 

32 

9*r. 

19 

oJ 

11-0 

99 

1  1  U 

22 

3() 

10-5 

21 

12-0 

24 

/I  r» 
4U 

1  9«(  k 

24 

40 

ii-r> 

23 

38 

13*2 

2<) 

A  1 

lit  Z 

26  I  44 

\2'C> 

25 

42 

14*4 

28 

48 

1  J.'l 

28 

48 

13*6 

27 

4o 

15-() 

31 

p:9 

1  0  o 

31 

52 

1 4-8 

29 

49 

17-0 

34 

34 

56 

15-i. 

31 

o3 

LS-2 

30 

1  Q'9 

36 

60 

1  T-y 

34 

m 

19-8 

39 

1  if  0 

39 

6(; 

18-5 

21*2 

42 

/U 

9  1  -9 

42 

70 

i9*r 

'  39 

1  (><) 

22-S 

45 

99*U 

45 

1  7(5 

21-3 

42 

1  75 

24-4 

48 

81 

24-4 

48 

81 

22*7 

L5 

2G-(» 

52 

'  S6 

26-0 

52 

'  86 

24-3 

48 

1  ^1 

27•^<l  55 

1  92 

27-8 

55 

<)2 

25*9(  51 
27--J  54 

'  85 

29-(; 

59 

98 

29-6 

59 

98 

'  91 

31-4 

62 

'l04 

31-4 

62 

U)4 

29-01  58 

I  9() 

33-2 

66 

110 

33-2 

66 

110 

30-8 

j  ni 

102 

35*2 

70 

117 

35-2 

70  |I17 

34-3 

'  r,8 

1114 

39-2 

78 

130 

39-2 

130 

3(;-o 

72 

I2(i 

41-2 

82 

137 

41*2 

82 

137 

37-9 

75 

.12() 

43-4 

86 

144 

43-4 

86 

144 

42-0 

84 

IL40 

48-0 

96 

160 

48-0 

96 

160 

45-5 

91 

'151 

52-0 

105 

175 

52-6 

105 

175 

50-21  LOO 

'l()7 

57-4 

114 

191 

57-4 

114 

191 

54-; 

109 

'l82 

1 

(;2-G 

125 

208 

62-6 

125 

208 

HOPES. 
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AND  Strength  (Dixon  &  Corbitt). 


Cmcible  steel. 

Patent  Steel. 

Plough  Steel. 

Extra  Plough 
SteeL 

Breaking 
Strain. 

Working 
Load. 

Breaking 
Strain. 

Working 
Load, 

Breaking 
Straiu. 

Working 
Load. 

Breaking 
1  Strain. 

Working 
Load. 

■ 

■  r*:  ■ 

Incline. 

* 

mm* 

Incline. 

• 

Incline. 

• 

Incline. 

Tons. 

,  Cwtf 

Cwts. 

Tons. 

Cwts, 

Cwta. 

Tons. 

Cwts. 

Cwts. 

Tons. 

Cwta. 

2-7 

n 

y 

3-4 

11 

4-2 

8 

14 

4-9 

10 

IG 

3-2 

yj 

10 

4-U 

,s 

It 

13 

4-9 

10 

IG 

5-8 

12 

19 

40 

ft 

13 

5-0 

IG 

G-1 

12 

7-2 

14 

24 

4-7 

<) 
\j 

1  15 

5-D 

12 

20 

7-2 

14 

'  24 

8-5 

17 

28 

:yl 

X  1 

'  18 

7*2 

14 

24 

8-7 

17 

29 

10-3 

21 

34 

6-5 

13 

1  21 

8-0 

in 

2(; 

9-9 

20 

33 

11-7 

24 

39 

7-5 

15 

I  25 

l)-4 

19 

31 

11-4 

23 

'  37 

13-5 

27 

45 

8-7 

17 

'  21) 

10-9 

22 

3G 

13-3 

2G 

44 

15-7 

31 

52 

lo-o 

1  33 

12-(; 

25 

42 

15-3 

30 

50 

18-0 

36 

60 

110 

21 

1  3(; 

13-8 

28 

4G 

lG-8 

33 

'  55 

19-8 

40 

G(i 

12-2 

24 

40 

15-3 

31 

V  I- 

51 

18-7 

37 

[  G2 

22-0 

44 

73 

13-7 

27 

'  45 

17-2 

35 

57 

21-0 

42  j  70 

24*7 

49 

82 

15-0 

30 

1  50 

19-0 

39 

GG 

22-9 

4C 

7G 

27-0 

54 

90 

33 

,  55 

20-8 

43 

G9 

25-1 

50 

84 

29-7 

59 

99 

IS'O 

3(1 

GU 

22-n 

45 

75 

27-5 

55 

91 

32-4 

64 

108 

111-5 

31 

65 

24-5 

81 

29-8 

59 

99 

35-1 

70 

117 

21-2 

42 

70 

2G-7 

53 

89 

32-5 

G5 

i08 

38-2 

76 

127 

22-7 

45 

'  75 

28*6 

57 

95 

34-8 

G9 

UG 

40-0 

82 

136 

24-7 

41> 

1  82 

311 

()2 

103 

37-8 

75 

12G 

44*5 

89 

148 

2()-5 

53 

88 

33-3 

(57 

111 

40-5 

80 

135 

47-7 

95 

159 

28-5 

0/ 

1)4 

35-9 

72 

119 

43-G 

87 

145 

51-3 

102 

171 

30-5 

Gl 

101 

38-4 

77 

128 

4G-G 

9?  1 155 

;54-0 

108 

180 

32-5 

65 

108 

40-9 

82 

13G 

49-7 

9^' 

105 

;5p'5 

117 

195 

84-7 

.69  1 11.5 

43-7 

87 

145 

53-1 

lOG 

177 

^2-5 

125 

208 

37^0 

•  74 

123 

46-6 

93 

1 7)  5 

5G-G 

113 

188 

66-6 

133 

222 

89*2 

.  78  1 130 

49-4 

99 

1G4 

(iO-0 

120 1 200 

70-6 

141 

235 

• 

41-5 

8H;138 

52-2 

105 

171 

G3-4 

127  •  211 

74-7 

149 

249 

44-0 

88  1 146 

55-4 

111 

181 

G7-3 

134  1 224 

79-2 

158 

264 

490 

dS;i63 

61-7 

123 

205 

74-9 

150  1 

249 

88-2 

176 

294 

51-5 

103  171 

64-8 

130 

21G 

78-8 

157  ' 

2G2 

1)2-7 

185 

309 

54-2 

108 

180 

68-3 

137 

227 

83-0 

IGG 

276 

97-6 

195 

325 

60-0 

120 

•iOO 

75'() 

151 

252 

91-8 

183 

30G 

108-0 

216 

360 

65-7 

131 

219 

82-8 

175 

275 

100-5 

201 

335 

118-3 

238 

394 

71-7 

143 

239 

90-3 

180 

301 

109-7 

219 

365 

129-1 

258 

430 

78-2 

156 

260 

98-5 

197 

328 

119-7 

239 

399 

140-8 

281 

1 

469 
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STRENGTH  OF  MATERIALS. 


The  next  higher  working  load  for  Extra  J*loiigh  Steel  Ropef? 
on  inclines,  in  Table -207,  is  60  cwte.,  for  which  a  2^iiu2h  rope 

•  is  required. 

:     The  subjoined  tal)le  shows  the  inclination  of  inclined  ways. 

.in  inches  per  yard,  and  the  length  for  a  rise  of  1,  correspond- 
ing to  a  given  number  of  degrees  of  inclinatioxi ;  together  with 
the  resistance  of  gravity  for  each  incline. 


Table  208— Ikclination  and  Kesistance  op  Inclikbd 

Ways.  ' 


(Dixon  &  dorbitt,  &c.)  j 

-  .  <      .  .     I  L 


Inclina- 

Resint- 
ance  of 

Gravity 
due  to 

1  !l 

■  Inclina- 

• 

lIK.lIIuv- 

^li^Tl  111 
I'lUll  111 

1  n  r*l  1  Tin  . 
1 11 L 11  nil* 

inclina- 

tion in 

rnplin 

tioii. 

per  Yant 

tioii. 

tion. 

Inches 
perYarrL 

tion 

Degs. 

Inches. 

1  ni 

'  Pounds 
ptT  Ton. 

DegR. 

Inches 

1 

o-n8 

57-29 

89-O.S 

19 

12-89 

2-90 

2 

i'2(; 

28-(j3 

78-18 

20 

18-10 

2-74 

8 

1-88 

1 9-09 

117-24 

21 

18-82 

2-00 

4 

2-51 

14-29 

i5r>-2(; 

22 

14-54 

2-47 

8-15 

11-42 

195-24 

'J  8 

15-27 

2-35 

I 

8-78 

9-51 

284- 14 

24 

h;-o2 

2-24 

7 

4-42 

8-14 

272-98 

25 

l<;-78 

2-14 

8 

5-0() 

7-11 

811-74 

2(i 

i7-5(; 

2-05 

9 

r,-7i» 

(;-81 

850-4() 

27 

18-84 

1-90 

10 

<r84 

5-07 

888-97 

28 

19-14 

1-88 

11 

()-99 

5-14 

127-41 

29 

19-95 

1-80 

12 

7'()5 

4-70 

4(i5-71 

80 

20-78 

1-78 

18 

8-81 

4-88 

5n8-ss 

81 

21-02 

l-OO 

14 

8-i»7 

401 

541-90 

82 

22-49 

l-()0 

15 

9-1)4 

8-78 

579-75 

88 

28-87 

1-54 

in 

10-82 

8-4S 

01 7-48 

81 

24-28 

1-48 

H-0 

8-27 

r.54-90 

85 

25-20 

1-42 

18 

f 

11  •(»9 

1 

3-07 

(>92-20 

4 
4 

Gravil 

due  toil 
Incline./ 


]  Pounc 
per  Tbb^^l 

1  729-271 

I  7G0-12 

!  802-74 

1  889-12 

I  875-28 

:  911-091 

'  940-0(; 

-  981-94 

!  1010-98 

11051-61 

1085-97 

1120-0  . 

1158-08 

1187-0^1 

1219-99 

1252-581 

1284-8] 


uiyiu^-CU  Ly  Google 
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Table  20a.— Flat  Wire  Ropes  :  Strength  and  Wjeight. 

mixoTi  Onrhitt.) 


1  '^'r 

f 

Cbarcoftl 

or  Ingot- 
Iron. 

Cmeible 

Patent 

^  Plough  • 

Iron. 

SteeL 

Steel. 

Steel. 

1 

».i 

— ■- 

\  \ 

-0  . 

to  . 

A;' 

* 

r 

CM 

«  1 

= - 

'is 

ci  t- 

n  . 

"t:  c 

J? 

•t-i 

 ; 

'  Ins.  lup. 

Lbs. 

T<»ns.  Cwti. 

Toim.  Cwt». 

1  ons. 

1  Wtfl 

1  onB. 

L  WlH. 

Tons 

Cxrts. 

10 

20 

14 

28 

19 

38 

23 

40 

SO 

72 

10 

12 

24 

10 

32 

22 

44 

27 

54 

42 

84 

i  2iX  i 

12 

14 

28 

19 

,38 

25 

50 

32 

(>4 

49 

98 

!  2|X  1 

14 

in 

32 

ho 

44 

29 

58 

30 

72 

50 

112 

3.  X 

ir, 

ISi 

30 

25 

50 

34 

08 

42 

84 

05 

130 

Q±  V  9 
O4  A  1,; 

18 

21 

42 

29 

,5S 

8s 

t  [  > 

48 

90 

74 

148 

^2  X  H 

20 

23 

4G 

32 

04 

13 

80 

54 

108 

83 

100 

22 

20 

52 

30 

72 

49 

98 

01 

122 

93 

180 

i  4  X  |,\ 

25 

29 

58 

40 

* 

80 

54 

108 

07 

134 

102 

204 

•tix  ij 

28 

32 

04 

44 

0  u 

58 

110 

73 

140 

115 

230 

'  4iX  J 

30 

.  35 

70 

48 

90 

04 

128 

81 

1()2 

124 

248 

;  JJx  1 

32 

37 

74 

52 

104 

70 

140 

88 

170 

185 

270 

'  41  V 

34 

40 

80 

"  ^ 

i  >  i 

114 

152 

95 

190 

140 

292 

i  ">  X  J 

3(; 

44 

88 

(12 

124 

S3 

100 

104 

208 

100 

320 

">Jx  1 

38 

48 

07 

134 

89 

178 

112 

224 

172 

344 

40 

52 

104 

72 

144 

90 

192 

120 

240 

184 

308 

5  J  XI 

»>fxiA 

42 

112 

78 

150 

104 

208 

130 

200 

200 

400 

45 

(>o 

120 

83 

100 

111 

999 

^  ^ 

138 

270 

213 

420 

,  «  XUI  4H 

31 X  i^iti  IB 

<>4 

128 

90 

180 

120 

240 

150 

300 

228 

450 

44 

27 

54 

30 

72 

54 

108 

Six  J 

^  V\ 

18 

3(» 

2(» 

.i2 

32 

04 

43 

80 

04 

128 

I SJX  1 

IH 

20 

40 

30 

60 

37 

74 

48 

90 

73 

140 

1  ■»  X  A 
i  -tSx 

21 

24 

48 

34 

04 

43 

80 

5(; 

112 

85 

170 

24 

27 

54 

3s 

70 

49 

98 

04 

128 

97 

194 

:      ^  H 

27 

80 

i;u 

13 

80 

5  5 

110 

72 

144 

108 

210 

:    x  5 

21) 

34 

08 

48 

9(> 

(;3 

120 

81 

102 

1  9^^ 

'>lx  ;i 
:  ^ix  Ik 
i  ''ix  f 

32 

38 

70 

53 

100 

/O 

1  1  It 
14(> 

89 

1  /(S 

135 

270 

1  3(> 

41 

82 

58 

no 

70 

152 

97 

194 

150 

300 

39 

4(i 

92 

05 

180 

84 

108 

108 

210 

102 

324 

U  X  i 

,42 

50 

100 

70 

140 

92 

184 

119 

238 

175 

350 

fiix  * 

44 

54 

108 

70 

102 

99 

199 

126 

252 

187 

374 

fi^x  ^( 

47 

59 

118 

83 

166 

109 

218 

139 

278 

208 

416 

i  6ix  i^;  50 

r,3 

120 

178 

117 

234 

149 

298 

224 

448 

68 

130 

192 

126 

232 

160 

820 

^40 

r-      •  ' 

t 

•  m 

•  •  • 

■ 

■  ■ 
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STRENGTH  OF  MATERIA T.S. 


Table  210. — Wire  Cords  for  Clocks,  Sash-Lines,  kc. 

Strength. 


1 

Copper. 

PI  I  OS  ph  or 
Bronze. 

No. 

imeter. 

tp 

^  f. 

OS 

•rf 



5 

Jr  35 
(23  ^-f 

Inch. 

Lbs 

Lbs 

Lbs 

Lbs 

4 

181 

45 

308 

90 

H 

•117 

218 

58 

428 

107 

3 

•121) 

248 

(>2 

49(> 

124 

-4 

•18;-) 

/  i 

•)  1  ~ 

•144 

324 

81 

64.^ 

102 

•l;i3 

3C)7 

91 

784 

188 

•171 

451> 

114 

918 

229 

•181> 

500 

140 

1121 

280 

U 

•207 

(>71 

ir>7 

1842 

385 

•225 

71M) 

197 

1580 

895 

•252 

992 

248 

1984 

490 

•288 

1294 

828 

2588 

047 

1 

•824 

1051 

410 

8288 

820 

Iron. 


a  «• 


Lbs. 
818 
874 
485 
500 
505 
040 
802 
981 
1 1 78 
1382 
1785 
2204 
2S05 


c 


Lbs. 
79 
93 
108 
125 
141 
100 
200 
245 
293 
845 
434 
500 
710 


SteeL 


c  • 


Lbs. 
498 
570 
071 
778 
875 
1005 
1248 
1589 
1815 
2129 
207:^ 
8500 
4489 


to 


^5 


Lbs. 
128 
144 
167 
194 
219 
251 
812 
884 
454 
582 
008 
875 

1109 


Patent  St-eel 
(Crucible 
or  Open 
Hearth). 


s  • 


Lbs. 
097 
817 
949 
1127 
1240 
1410 
1750 
2128 
2500 
2974 
8790 
5000 
(;280 


bo 

13 


Lbs. 
174 
204 
237 
281 
810 
3;52 
437 
530 
04O 
743 
947 
140O 
1500 


Ante. — Cords  made  of  six  strands  of  six  wires  <jach. 

Table  211. — Sundry  Wire  Cords  and  Ropes. 

(Dixon  &  Corbitt.) 


CALVANIZED  iSlGXAL  AND  FENCING  STRAND. 


7  Wires.  No. 
Dianieter.    ln<;h  . 
Wdglit    por    100 ) 
yards.   Jjbs.    .  / 


 1 

• 

• 

00 

0  1  1 

2 

3 

4 

6 

0 

7 

8 

10 

•3 IS  •2<H  -207 

•255 

•240 

213 

•19S 

•18ti 

•17. 

•147 

•12U 

73 

&21  63 

44 

40 

35.J 

273 

24i  21^ 

i 

18 

13J 

9 

Cage  (iUide  Hopes. 


Inclios  circumfort 
Weight  per  fatb 


L-rence  .  •  1 21  i  S|  3  1 3}  '  3|  3^  4  4}  4J  4f  o 
nmi.    Lbs.  .   gJ  ^  Sj  10  llJil35  10  ISj  21  23Jj20j  •29l[  32?. 

I     '  I     1      '  111" 


EliECTRO-dll/r  AND  SlLVFJi   PICTURE  CORDS. 


Reference  No.  . 

.1    1  • 

2 

3 

4 

5 

C 

Brealying  strain  in  lbs. 

90 

120 

200 

400 

t;oo 

Working  load  . 

.l.n 

30 

50 

100 

150 

R0PB8. 
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Table  212.— Round  Hemp  Bopbb  :  Weight  and 

Strength. 


(Dixon  k  Corbitt,  &c.) 


Sizes* 

Tarred  Bassian. 

\nilte  Manilla. 

Dia- 

-      '  .- 

Cireum- 

Weight 

Break- 

: Work- 

• 

Weight 

Break- 

Work- 

meter. 

ference. 

per 

ing 

per 
WftthoTn. 

ing 
Stmin 

i  - 

ing 

Inches. 

Inches. 

^  ' 

Lbs. 

Tons. 

.1.  r ..  1  ■ 
Cwts, 

Lbs. 

Tons. 

Cwts. 

1 

§ 

2 

1-0 

ro 

4 

•7 

1-2 

5 

2i 

1-2 

1-2 

5 

•9 

1-5 

6 

M 

2i 

1-5 

1-5 

6 

1-2 

21 

8 

2} 

1-8 

1-8 

8 

1-3 

2-3 

9 

3 

22 

2-2 

9 

1-6 

2-8 

11 

3i 

2-5 

1  2-5 

10 

1-9 

8-3 

13 

3i 
3i 

3-0 

1  3-0 

12 

2-2 

8-8 

15 

3-5 

3-5 

14 

2-6 

4*5 

18 

If 

4 

4-0 

4-0 

16 

2-9 

5-0 

20 

IS 

4*5 

4*5 

18 

3'8 

5-7 

28 

50 

;  50 

20 

3-7 

6-4 

25 

5 

6-2 

6-2 

25 

4*5 

7-8 

31 

If 

5J 

7-4 

7-4 

29 

5'5 

9-6 

38 

129 

32 

G 

8-8 

8-8 

85 

6*5 

11-3 

45 

2A 

nj 

10-4 

'  10-4 

41 

7-6 

1 8-8 

58 

2? 

7 

12-() 

12-0 

48 

8-9 

15' 5 

62 

2f 

7i 

13-S 

18-8 

55 

10-2 

17-8 

71 

2M 

8 

IT)-? 

15-7 

r»o 

11 -6 

20-8 

81 

2| 

8i 

17-7 

17-7 

68 

13M) 

22-7 

91 

2i  . 

3 

9 

in-s 

19-8 

76 

14-6 

102 

H 

22-1 

22-1 

88 

i(;-:5 

28-5 

114 

Silt  ' 
8# 

10 

24-4 

24-4 

99 

18-0 

81-5  , 

126 

lOi 

27-0 

27-0 

108 

19-9 

84-8 

189 

Si 

11 

29fi 

29»i 

116 

21-8 

38-1 

1.52 

H 

llj 

32-4 

32-4 

131 

23-8 

41-6 

^  166 

12 

35-2  : 

36*2 

141 

26-0 

45-5 

182 

12i 

38-2  ' 

38-2  I 

153 

28-2 

49-3  ; 

197 

13 

41-4  ; 

41-4  1 

167 

80-5 

58-9  1 

215 

ISi 

44-6  \ 

44-6 

176 

32*8 

67-4  : 

229 

14 

4H'0  j 

48H) 

192 

85-8 

61-7 

247 

Hi 

51-5  i 

51-5 

204 

87-8 

i66]  1 

264 

4i 

1^ 

99^  • 

-70*0  1 

280 

»  1 

m  1 

16 

62-6 

248 

46-1  ! 

80-(5  ! 

822 

17 

70-7 

70-7 

280 

62-0 

910 

364 

6|  1 
1 

18 

79-2 

79-2 

317 

68-3 

102  1 

408 
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Table  213.— Flat  Hemp  Hopes  :  Weight  and  Strength. 

(Dixon  k  Corbitt,  v^c.)  • 




Tarred  Russian. 

:  Coml^ned  Rwisiau  and 
MftnilUi. 

per 
Fathom 

Break. 

ing 

worKing 
Load. 

Weight 

Break- 
iiig 

1 

n  orkiug 

I/Md: 

Four  Ropes. 

Pounds. 

'T^ps. 

 r  - 

Owts. 

Pounds. 

■ 

'  Tons. 

I 

—I  

Cwts.  : 

• 

mxi 

10 

10 

20 

22 

4  X  1  i 

IBJ 

13i 

27 

12J  • 

T5 

30 

4i  X  1^ 

17 

17 

34 
•  > 

-.16 

•  « 

19 

e  xif 

21 

21 

•48 

'i9i  : 

23 

4^^ 

oj  X  li 

25 

25 

:>() 

28i 

2S 

50 

u  X  ir 

»0 

ao 

60 

28  ( 

^3 

G6 

fil          1  3 

84 

32  ' 

'38 

70 

7  X  li 

3« 

as 

» 

43 

• 

86 

•  li  X  2 

43 

4a 

86 

40 

48 

• 

96  , 

Six  Ropes. 

• 

ft 

. 

10 

10 

20 

H 

u 

22 

14 

•R  X  1 

IB 

Iff 

»2 

17 

34 

1!) 

38 

1()  , 

20 

40 

6  X  H" 

22 

24 

20 

24 

25 

25 

50' 

^01  J 

54 

7    X  1.1 

28 

2I^' 

r><) 

25 

80 

GO 

32 

32 

64 

29 

34 

68 

8   X  li 

86 

72 

38 

39  1 

1 

•  < 
■ 

• 

«  ^ 
« 

1  • 

■ 

■                    «  mm 

■ 
• 

« 
1 

<  • 

c 

 ^1 
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TABIJ9. S14v--^H£Mje  Ropes  AND  Wibe  Ropes:  Size  and 
Weight  for  Equal  Strengths, 

(J.  Shaw.) 


'-•<»«: 


1 


^I.  Round  Ropes.  ■ 


I 


Ucmp. 


Circum- 
ference. 


Inches. 

1 

5 

5i 

G 

8 

•'2 
10 

11 

111 

12 
IS 


Weight 

per 
Fathom 
(approxi 
mate). 


Crudble  Cafd: 
dteel. 


Pounds. 

4 
5 

7i 


10 
12 
14 
1« 
18 
20 
23 

2(; 

29 
31 
34 
37 
41 


Wei -lit 

Circnm-  J'l '  ... 
ference  1  ^ 

mate). 

rouii'is. 

li 

1^ 

2 

93 
-4 

3 


Inches. 

li 

\\ 

n 

91 
-2 

9& 
-8 

2J 
3 

31 
4 

4J 

4| 


<; 

10:J 

12  J 

14i 

15 

1« 

18 

20 


Charcoal  \Vii<.'. 


I  WeiKlit 

Fathom 
I  'approxi 
mate). 


lerence. 


Inelio; 

n 
2 

91 
-  I 

•>  I 
— 

*  I 


i> 


11 

in 

IS 

20 
22 

25 
28 
HI 
35 


strength. 


* 

i 


Stress. 


uunds. 

Tons. 

2 

9.3 

93 

'\ ' 

4 

4! 

7i 

r»! 

11 

14 

k; 

lOA 

n> 

12«> 

•>•> 

2.") 
L'8 
32 

3(; 

40 
45 
50 
55 
60 


Workin;^ 
lioad 

(.•ip]>ri>\i 
niatcj). 

Cwts. 
1) 

15 

20 

24 

30 

3(» 

45 

52 

«i2 

74 

SO 

05 
I  ( ).*) 
12() 

i:i5 

1 50 

\m 

170  • 

180- :^ 


n.  Flat  Ropes. 


12 
1:. 
20 

27 
30 
33 
36^ 
39 
42 


Sizes. 
Indies. 


2  j  X 
2.iX.'. 
2^X 

3  X 
3  i  X 
3:1  X 


1(» 

12 
14 

n; 
is.v 

21 
22  i 


Sizes. 
Inches 

21XJ 


X 
X 
X 
X 
X 
X 

,x 


• » •) 

•'4 
4 

4' 


10 

12 

14 

1() 

IS 

20J 

22J 

25 

28 

82 


IS 
20 
'IW 
27 
30 
33 
3(> 
39 
42 


40 
45 
51 
5(> 

6D 
68 
78 
90 
10(i 
118 
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Table  215. — Steel  Wire  Ropes  :  Breaking 
 (3.  Shaw.)  


Plough  Steel  Wire 
Rope. 


r 


ference. 
Inches. 


H 

2} 
3 

8i 
8J 
Si 
4 

5 


Hard  .Steel  Ropes. 


'Breaking 
Stress. 

Clrenm- 
ference. 

Breaoang 

Tons. 

Iiiclius. 

Tons. 

t2 

^ 

If 

Hi 

18 

2 

14 

"t 

17 

2i 

21 

31  i 

2B 

ft 

at 

46 

8i 

37 

qs  ' 

Si 

42 

8i 

50 

98 

4 

55 

f 6 

4* 

63 

88 

4J 

71 

.100 

6 

90 

Iron  Wire  Gnfdes.  or 
Ck>nductiug  Rods. 


CIrcinii* 
f^repce. 


LncUes. 

2| 

3 

4 


Weight  i>er 
Fathom. 


Pounds. 
13 
'16 
18 
21 
24 
28 


:     •  I 


Buhoul'i  £xperimexit8  on  tlie  Strength.of  Bopes. 

M*  Duboal  tested'Topes  and  cables  of  white  hemp  and  tarred 
hempf  Italian,  Eussian,  and  Fijenoh  ;  of  loi^g  fibrei  hand  spun, 
with  from  fift}^  to  fifty-five  twiate  to  the  yalxl ;  1}  yards  of 
rope  yam  snfOioing  to  make  one  yard  of  cable.  A  selection  of 
results  is  given  in  .Table  2}.6. 

Flat  tarred  ippes  were  proved  to  a  mean  strength  of  from 
3*48  tons  to  3*75  tons  per  sqnare  iQch,  rupture  taking  place  at 
the  points  of  |  attachment  !Ehe  extension  Tarely  exceeded 
from  5  to  6  per  cent. 

The  average  ultimate  tensile  strength  of  rope  was  as  follows: — 

Tons.  Tons.' 

White  hemp     .      .      . '  ^ .   4*76  to  5*08  per  square  inch, 

•  Tarred  hemp  3*54 

White  ManiUa  ....  444 

White  aloes  2*54 

Flat  ropes  of  tarred  hemp,  or  )  o 
Tarred  Manilla  .      .      .    i  .  ^  ' 
Esparto  and  cocoa  fibres      .  •  .  1*00 

\  M.  Duboul  dedtioed  from  resjilta  of  praotioe  fhatround  ropes 
jand  cables.' mar  be  worked  at;  a  stress  equal  to  one-third  of 
Hhe  ultimsd^  strength;  andjflat  ropes  at  (»ne»fonrtiii»  In 
^ordinary  practice,  t£e  proportion  is  often  nofmen^e  than  front 
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11 
11 


3-  81 

4-  7(; 
3*17 


♦I 


3-81  „ 
1-25.  „ 


11 
99 


9f 
1> 
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• 

O 

CC 

.  -^JH  QO  CQ 

1-H 

• 

cc 

00  Cfe  g  1© 

^  ^5  ^*  • 

irs 

"White 

CO  CC 
«  »P  01 

—4^  /y^ 

1-1 

CO 

o  c;  o 

^ 

cc 

OO 

»^ 

CC 

■f  I 

o 

• 

»c 

Manilla. 

CC 

CO  CO  CO 

1— 1 

CO 
I-^ 

CC  w>  2  CO 

• 

• 

lb 

1—* 

White 

t>  QC 
CO  60  CO 

iM 

1— 1 

(M  O  ;^ 

«  S  • 

o 

CO 

• 

CO 

cc 

• 

lb 
1— 1 

. 

S 

iC  -+t  CO 
■fi*  CO  CO 

I— t 

CO 
,  rH 

cs  !3v  ^< 

♦ 

«o 

9P 
<e 

OO 

• 

Tarred 

O  O  00 

cc  oc 

1— ( 

•  1—1 

IG  ^ 

»c 

CO 

• 

CO 

OO 
»— I 

w 

-4-> 

5 

CO  -Tfi  oo 

^  CO  cc 

1— 1 

cc  cs  ^  cc 

OD  1** 
<^^^ 

.o 
c; 

• 

1— ( 

cc  cc 

CO  CO 

1— 1 

1— I 

t-  7 

OO 

• 

• 

• 

rH 

I  -1. ' 

I ;. ) 


CO 


s 

o  o 

§ 


I 

a 


o 


,£3 
o 

Hi 


O 

H 


cc 

o 

.  Ah 


^  Co 

^  s 


d 
o 

CO 


a 


■a 

a 

Hi 


ca  •  . 

03 

.  •+-»  • 

O 
9  0) 

O  'SJ 
-♦J  +-> 

§  O  O  g 
•SS       C  03 

c  o  o 
0^  ^  ^  .J-. 

Mil 


-s  • 

a 

u 

-»-»  • 
«H 


g* 

o 
a> 


,^3 


s 

ca 

GO 


-M 

o 
o 

o 


•1^ 


-a 
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M.  Dubuul  Cistimatets  that  ropes  and  cables  of  galvanized 
charcoal-iron  wire  unaniiealed,  have  two-tenths  of  the  diameter 
of  hemp  cables  of  equal  strength ;  or  three-tenths  for  annealed 
wire. 

Ultimate  Stnmgth 

per  Scjuui-e  Inch,  Sxtenaloit.  Elasticity. 
Section  of  Hotal. 

Kope  of  unannealed  wire  25-4  to  81-7  tons   7  to  9  7^   1  to  2  7, 
„      annealed      „    22*2  to  25  4  „    12  to  Id  „    3  to  4  „ 

The  galvanized  Mrlre  tested  by  itself,  yields  10  per  cent* 
more  resistaiice  to  rapture  than  in  the  form  of  rope. 

Wire-ropeB  for  mining  service,  x>f  the  first  qnatity,  have  an 
ultimate  stiength.af  txmi  iO  to  45  tons  per  square  inch  of 
metal  section. 

Cast-steel  wire  Top^  stretch  from  4  to  6  per  cent,  before 
rupture.  wit|i  an  elastic  limit  of  from  2  to  3^  per  ceait.  They 
bear  three-fourths  of  the  breaking  stress  before  exhibiUng 
any  sign  of  tailiire. 

Table  217,^Stbbl  Wiek  Hope,  fok  bTA^^MM^  Higgh^jg. 

( Admiraltv.") 


I 

,  Number 
'  of 
;  fcjtrniida. 
I  f 

!  Stiiiids. 

•  i\ 

I  15 


n 

G 

6 


Size  of 


"Wires 
ill  one 
Strand. 


Thick- 
ness of 
Wires. 


Weight  Length 

]>er  •  !  of  one 

Fatl^Qm.  ^  Coil, 
r 


Inches. 
8 

7i 
7 

^ 

6 

i) 

+ 
3 

2* 

2i 

2i 
2 

li 
u 

1 


■wow      •  ,»  %^  •  mm 


Wires 
111 
11) 
11) 
ID 
ID 
li) 
19 
ID 
11> 

7 

7 

•  7 
7 

.  7 

•  7 
7 
7 

7' 
7 
7 


t 


W.  G 

« 

7 
S 

la 

10 

12 

If 

ir 

12 

:  .13. 

'  14 

15  : 
:  16  ' 
la 

20 


\ 


Pounds. 
0)2 
53 
46 
40 
34 
28 
23 
ID 
15.^ 

ul 

10 

. 

7  - 
6 
5 
4 

a- . 

:2 

1* 
1 


Fathoms. 
100 
100 
100  , 
100 
100  ' 
100 

100  : 

150  ■ 

150 

150 

150 

200 
-  200 

200 

200 

200 

200  . 
:  200 

200 

200 


I 


Bre<akiiig 
Stress 
<Miui- 
mmii). 

Tons. 

160 

141 

123 

10<> 

DO 

7(5 

(53 

51 

40 

32 

27 

24 

19 

16 

13 

10 
8 
6 

H 
24 


Digitized  by  GoogI 


399 


Table  218. — Steel  Wiue  Ropes,  foh  Haw^ebs  A^D 

*   KuNNiNG  Rigging. 

(Admiralty.) 


Size  of 

1 
1 

Number ' 

1 

Wires  , 

Thick- 

1 

Weight 

Length 

T^i*A<]lr  1  ft  rr 
JDrcHKJIl^ 

Stress 
(Mini- 
mum). 

Rope 

of  1 

ill  one  . 

iiess  of 

per 

of  one 

t 

Wirna 

Vf  ires*  ' 

Fathom. 

CoiL  I 

.  Iiipties.. 

Strands. 

U  W.  G. 

rouuiis.  1 

Futhuius. 

Jons. 

o 

1* 

o 

1 

•  •  •  1 

150 

•  •  • 

ff 
1 

i* 
o 

ay} 

...     1    150  . 
35  150 
81          150  ' 

•  •  • 

Al. 

P  ■ 

D 

19 

.  •'o 

O 

19 

1^ 

11 

19  > 

,28 

ISO  : 

•  71 

■ft 

13 

•23 

160 

i.L 

LA 

19 

is 

150 

4 

D 

I'^ 

12 

240 

OX 

0 

Id 

"9 

360 

9d 

»i  . 

it 
•O 

19 

Ifl 

S 

360 

.9ft. 

o 

IS 
Q . 

19 

Ilk 

7 

360 

17 

2*  . 

.  6. 

12 

17 

6J 

360 

IH  ' 

o 

* 

19 

1  7 

360 

1 1  A 
llf 

a* 

6 

12 

18 

300 

9 

2 

6 

12 

lU 

21 

300 

7 

If 

6 

12 

20 

2 

300 

!  (5 

12 

21 

300 

4 

u 

(> 

1  12 

22 

HOd 

2i 

1 

6 

j-:  02  - 

j  .  ^00 

If 

!         Sesistance  of  Bopes  to  Beading  Stress. 

The  resistance  of  ropes  to  bending  stress  in  passing  drer  .ik 
pulley  pr  a.  barrel  ,  is  exprcssjsd  by  the  following  fomalMi  the 
equivalents  in  Jlngliah  measures  of  LQBgraire*8  fi^rmulas  i-^ 


£temp  MajpeSf  either  White  or  Tarred,  ' 


'1 ;  u 


6  =  •0328  T  ^ 
D 


.  (125) 


•  '  '  '  H'm  Wire  Eopes  Clfevip  Core\ 


'  '  '  ■'■  'S'i^  (a-61  +  :oo2G2 1)  %    :    ; ".; '  a26) 
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Steel  Wire  Jlojtes  QUemjp  Core), 

8  =r  (6-3U  +  -00262  T)  ^       .       .  (127) 

5  =  (6-412  +  00262  T)  ^-  .       .    ,  (128) 
Steel  Wire  Bopes,  LuhHcated  in  Oil  Bath. 

6  =»  (8-428  +  -60172  T)  ^        .      .  (129) 

S  =  resistance  to  bending  stress  ;  or  the  total  tensile  stress 
or  pull  minus  the  resisting  stress  in  the  rope,  in  the  advancing 
limb  of  the  rope. 

T  =  resisting  stress  on  the  rope,  in  the  advancing  limb  of 
the  rope. 

w  =  \\  eight  of  rope  per  fathom,  in  pounds. 
D  =  diameter  of  pulley  or  barrel,  in  feet. 

The  foregoing  f  Drmulas  apply  to  ropes  which  are  new  or 
nearly  new ;  and  for  wire  ropes  of  wire  3  millimetres,  or  about 
I  inch  thick.  The  resistaace  may  be  reduced  ultimately  by 
wear  by  20  per  cent,  for  iron  ropes,  and  88  per  cent,  for  sted 
ropes'.  The  experiments  were  made  with  wire  ropes  of  from 
6  lbs.  to  18  Ibe.  per  fathom,  or  from  '83  inch  to  1*30  inch  in 
diameter. 

« 

*  ■  '  •  ' 

CHAINS  AKB  CHAIN-CABLES. 

Cables  for  use  in  the  naval  and  merchant  service  are  made 
of  round  iron,  in  leogtba.of     fattuHUBi  vjlh  aludi^Unks.  For  ' 
standing  rigging  and  crane  chain,  short  or  unstudded  links 
are  employed.  • 

Chains  are  made  of  puddled  iron,  bim  of  which  have,  or 
ought  to  have^  an  ultimate  tensile  strength  of  23  tons  pcir 
square  inch,  stretching  from  20  to  26  per  cent,  in  a  length  of 
10  inches  ;  with  a  contraction  of  sectippaVjacea  of  from  45  to 
50  per  cent. 

The  links  of  chain-cables  and, short  links  generally  are 
geometrically  similar  for  all  sizes,  according  to  the  following 
proportions,  which  are  those  of  the  links  after  having  been 
submitted  to  the  proof.. s^^ess  :  the  length  of  the  common 
stud-link  being  6  diametere,  and  the  width  about  8j^  diameters, 
whilst  the  length  and  width  of  the  short-link  are  respectively 
%foout  5  diameters  and  3^  diameters. 
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Ciameter  of  iron   *.     ,      1     .  ,1 

» 

( Length  of  link  outside  .      f>  4*9      •  • 

Common  )  Width  of  link  outside    .    '  8  (1  '  3-5 

Liinka  <tf  eacl^  end  inside       -58  -60 

I  Lehgt^h  of-  stud  At  crown.      1  — 
(  WidtH  in  parts  of  length  60  per  cent.  71  per  cent. 

/"Diameter  of  iron     .     ^  ^'    IJ  '  1-1 
Enlare:ed  f  Length  of  link  outside    .    .  «*o  trj  • 

Links  ^  Width  of  link  outside     .       I'O  /  3-8 
I,  Radius  of  each  end  inside        -64       '  -65 

r Diameter  of  iron    .     r*.-     .1*2  •  1-2 

T  into   i  Length  of  link  outside  ^.  •  .6*5     '         Hit - 
^inKs    j^^vi^ti^     li^^  outside    .    :  A'O  . . 

The  length  of  one  link  varies  as!  the  size  oi*  diameter,  whilst 
the  weight  is  as  the  cube  of  the  diameter.  The  weight  per 
nnit  of  length, — say,  one  fathom, — varies,  therefore,  as  the 
Square  of  the  diameter,  and  is  expressed  by  the  following 
formulae,  in  which  d  is  the  size  or  diameter  in  inches,  and 
W  IB  the  weight  per  fathom  intpounds*:^    j    -   •  i  '  i  -  .<* 

(Stud-link  chains)       .       .    Wrs  53-76  .       .  (130) 

(Short-link  cr  crane  chain)  .    W  =  65<f*      .      ,   ^  .  (1J>1) 

The  proof  tensile  strength  also  varies  as  the  square  of  thie 
diameter,  and  therefore  it  vaiies  as  the  weight. 

.  Stud-Liiik*  Short-Link. 

The  actual  ultimate 

tons    .      .      .  j 

The  statutory  ulti- 
•  mate  strength  in 


tons 


►  =271^2  to  2b'2d^  2id*  .      .       *  (133) 


If 


The   safe  r. working  1      «       .  -  . 

stress  (half  the  [z;:  ^d"-  ,  .  ,  Od^  .  . ,  (135) 
.  proof  strength)  .J         '   t.  '  . 

It  is  here  shown  that  whilst  the  actual  ultimate  strength 
(132)  of  short4inks  is  little  less  than  that  of  stud-links,  thtt 


i>  B 
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proof  stress  and  the  safe-workiiig  stress,  (134)  and  (135),  £<» 
the  shoTt-links,  are  only  two-thi^  of  those  for  the  stad-liiiks, 
by  reason  of  the  lower  elastic  limit  of  the  short  lunks. 

The  Tables  219  and  220,  from  which  the  foregoing  formulae 
haye^been  deduced,  ^ive  the  dlmeasionA*  weight^  said  strength 
of  stud-link  and  shprt-link  jahain^bles*  In  Table  220«  for 
^hort-links,  there  are  no  statutory  tests  foof  cables  above 
Ig  inches  in  diameter;  but  the  appropriate  stresses,  with 
actual  strengths  for  the  larger,  sizes,  calculated  and  supplied 
by  Mr.  T.  Traill  (in  ''ChAin- Cables  and  Chalm''^  are  added 
in  the  table.  In  the  second  last  column  are  given  the  safe- 
working  strengths  of  cables,  the  factor  of  strenp^th  averaging 
for  stnd«-links  a  little  over  3 ;  and  for  short-links  aboat  A^. 

The  safe- working  load  in  tons  is  approKimateiy  expressed  by 
the  following  formulse : — 

Short-link  ehain      .      *   ^  *      *  ^^^^^ 

Stud-l.iuk  chain.      .      .  —      •   •  G^T) 

in  which  D  is  the  diameter  of  the  iron  in  eighths  of  an  inch. 
The  values  thus  obtained  are  about  7  per  cent,  too  high  for  the 
short-link  chain,  and  about  1  per  cent,  too  high  for  the  stad- 
Unk:  chain.. 

The  Admiralty  have  special  proportions  for  iron  chain 
rigging  and  crane  work,  for  which  the  sizes  and  weights  are 
given  in  Table  222.  The  Admiralty  chain  moorings  are 
noted  in  Table  221.  in  which  the  sizes,  weights,  and  proof 
stresses  are  oriven.  They  are  of  unstudded  or  open  links,  and 
these  are  shaped  differently  from  the  ordinary  short-link, 
being  made  thicker  at  the  ends,  the  wearing  parts.  Mooring 
chains  are  in  consequence  heavier  than  short-link  chains  of 
the  same  sizes. 

The  India  Office  prescribe  for  all  services,  except  Marine, 
short-link  chains,  of  which  the  common  links  are  not  to 
exceed  4^  diameters  in  lengrth,  and  3|  diameters  in  width. 
The  weight  and  conditions  of  test  are  given  in  Table  223. 

.  In  the  Trinity  House  contracts,  it  is  specified  that  mooring 
chains,  chain  cables,  craru'  and  rigging  chains,  and  appurten- 
ances, except  the  stay-pins  and  steel  pins,  are  to  be  of  fibrous 
iron,  to  have  a  tensile  stress  of  not  less  than  23  tons  per 
square  inch,  with  a  ci^ntraction  of  sectional  area  at  the  frac- 
ture of  not  less  thnn  40  per  cent,  of  the  original  area.  The 
cast  iron  of  whirh  the  stay-pins  are  made  is  to  have  a  com- 
pi^sive  stress  of  not  less  than  52  toa^  per  ^qiiarc  inch  oi 
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origiiial  area  of  section,  with  a  redaction  in  length  of  hot 
less  than  10  per  cent.   The  steel  pins  for  retaining  the  joining 
shaekle-holt,  are  to  be  capable  of  bearing  a  tensUe  stress  not 
less'tlum  d5  tons  per  M[aare  inch,  inth  a  contracthm  'ftt  the 
iracture  of  not  less  than  45  per  cent,  of  the  original  area. 
Mooring  and  cloee-link  crane  and  rigging  chains  are  io  be 
proTed  to  a  stress  of  8*47  tons  per  square  inch  of  section  of 
.the  sides  of  the  link,  or  466  pounds  p6Er  circular  ^  inch  of 
section.    Defective  links  are  to  be  cut  out  and  replace<|. 
.Stud* chain  cables  are  to  be  proved  according  to  the  Act,  aB 
already  described.    Four-feet  sample  lengths  of  chain  are  to  . 
be  tested  for  ultimate  strength,  which  is  not  to  be  less  thaa 
16  tons  per  square  inch  of  section  of  both  sides  of  the  links,  or 
880  pounds  per  circular  J-inch. 

The  IJ-inch  mooring  chain  is  made  in  lengths  of  15  fathoms, 
.with  a  joining  shackle  to  each  length,  and  a  swivel  for  every 
30  fathoms.  The  IJ  inch,  IJ  inch.  1  inch,  and  J  inch  mooring 
chains  are  in  lengths  of  from  8  fathoms  to  45  fathoms.  Stud- 
chain  cables  are  made  in  lengths  of  12^  fathoms.  The  common 
links  of  mooring  chains  are  6  diameters  in  length,  the  breadth 
is  3*5  diameters.  The  ordinary  end  link  is  of  iron,  1'2  dia- 
meters, 6^  diameters  in  length,  4*1  in  breadth. 

Table  221.— Chaik*  Moobikos,  nr  T£N-FAJrkoM  LExriG^irHS^ 
Opw  OB  Unstudded  Links  :  Sizes,  Weight,  and 
Pboof-Stbess. 

(Admiralty.) 


Size,  or  Diameter 

Greater  Diameter 

Weight  of  Ten  ' 
Fatlioins, 

Of  Iron  at  Sides 

lit  tlie  Eiidfi  of 

Proof-l^tresB. 
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t 
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Niite. — The  breaking  stress  mast  be  not  less  than  1*49  time^ 
the  proof  stress ;  that  is,  40  per  cent,  more.'  : 
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Table  222. — Chain-Rigging,  Crane  Chains  (Short 

Link):  Size  and  Weight. 
(AdmirHlty.") 
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Table  223. — Siioht-T.ink  Chains:  AVeight  and  Cox- 

IMTIONS  OF  Tfst. 
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Cranes. 

^  When  a  crane  abcy  fig.  72,  ia  lo^uled  at  e  by  the  weight  W, 
le  stresses  in  the  three  members  ab,  aa^  and  hc^  dae  to  the 
>ad,  are  measured  propcuctionaUy  Jbiy:  Jbhe  re^kective  lengths  of 


'*iSCf/?2.— Crane.  _     '  Fig.  7a-^Crane.  "  V^'  \, 

r*  .  <  ^  ■ 

these  members  :  the  vertical  stress  in  the  member  ah,  beintr 
equal  to  the  load  W.  The  diagonal  and  horizontal  stresses 
increase  with  the  overhang,  as  shown  \n  fig.  73,  by i the  in-^ 

creasing  lengths  of  the 
diagonal  and  horizontal 
members,  hc'\  etc.,  and 
ac",  kc. ;  the  vertical 
ah  being  constant. 

Agaiji,  the  diagonal 
stress  increases  pro})or- 
tionally  with  the  obli- 
quity of  the  jib  hr'\ 
ic,  fig.  74,  taken  as 
eoQstaut  in  length. 
Where  both  the  diagonal  and  the  tie  mem- 
ber are  oblique,  as  be  and  ac,  fig.  75,'  the 
stresses  in  the  triangular  figure,  a?/Cf  as  before, 
are  iheasared  proportionally  hy  the  lengths 
of  the  ni^bers  ;  ab  being  the  measure  of 
the  k)ad  -W.  .  Tli6  ht^mooM  puU  at  U 


Flo.  74.— Crane. 


measared  by  the- horizontal  length  tio\ 


Tlie  truss  or  triangular  f mme  ahe^  fig.  7<J,  ^ 
having  equal  limbs,  ac^  he,  supports  the  load  W    -^^q^  Crano> 
at  tlie  aj)(;x.    In  tlie  parallelogram  orhe,  ea  ' 
is  the  weight, /v/  is  half  the  weight,  ami  ca  and  eh  are  obiiqui^ 
cjmprcijsive  stresses.    The  horizontal  tensional  stress  in  ah 
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Is  equal  to  the  prodact  of  the  weight  by  the  span,  divided 

•  » 

w 


Fig.  70.— Truss. 

by  4  times  the  rise.  The  horizontal  thrust  lat*  the  apex  is 
equal  to  the  tension  iaab.    '  ' 

Framed  Girders. 

The  tensional  stress,  or  unit  stress,  in  the  extreme  horizontal 
members  aa'  and  7/^,  fig.  77,  showing  a  Warren  girder,  is 
equal  to  '2885  W,  in  which  W  is  the  load  at  the  centre.  The 
stress,  whether  tensional  or  compressive,  on  any  bay  is  equal 
to  the  product  of  the  unit-stress  by  the  order*number  of 


F»>.  77.— Wanrea  (G^irder# 


the  bay  ;  above  or  below,  reckoned  from  the  extreme  bay  as 
1,  towards  the  middle.   The  stress  on  the  central  bay,  also,  is 

W  4- 1 

eqnal  to  the  product  of  the  unit-stress  by  — in  which  wis 

the  total  number  of  bays.  The  stress  on  the  middle  pair  of 
bays,  tensional' or  compressive,  is  equal  ta  the  product  of  the 

unit-stress  by  — Z--.,  /Ju  iig.  -i^i.the  stress  on  the  central 

bay  i^'c",  is  1^781  W  \  in  thjd  central  pair,  it  is.  1-44S  W.  The 
stress  in  the  braces  is  *67T  W,  or  twice  the  unit-stress  in  the 

flange. 
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la  the  ofditmij  trktigalar  roof  tmss,  abc,  fig.  78,  in  which  the 
total  weight,  including  the  load,  is  uniformlj  didtrihtited,'the 

tension  in  the  horizontal  member  ab,  is  equal  to  — j-,  or  the 

product  of  the  weight  by  the  span,  divided  by  8  times  the 
rise.  The  horizontal  thrust  at  the  ridge  c  is  equal  to  the 
tension  in  the  horizontal  tie. 

When  the  horizontal  tie,  ab,  is  applied  at  any  higher  level, 
the  tension  in  it  is  increased  inversely  as  the  depth  cd. 

In  the  A  xoof  trass,  fig.  45^  there  are  two  trusses,  each  of 
which  goes  to  foTui  half  the  roof,  and  the  horizontal  tierod  BL 
XiCt  the  span  ab  be  40  fe^t,  the  rise  10  feet,  and  the  depth  dd 
8  feet.  The  rafters  ae  and  he  are  2^*6  feet  long ;  the  stmts  F 
are  3*33  feet  long,  the  tension  bats  0  and  u  ate  11-75  feet 
loing.  The  weight  on  the  conple  is  6  tons|  uniformly  dis- 
tributed, of  which  4  tons  is  supported  on  e&ch  rafter,  sa^  1  ton 
At    the  abutment,  2  tons  at  F,  and  1  tozi  at  the  ridge  oj  The 


3.^7i>.— Truss  lioof. 

pressure  at  F,  2  tons,  bciijig  vertical,  is  resolved,  as  indicated 
py  diagram,  into  1*8  tons  stress  on  F,  and  ;875  tons  on  A. 
The  stress  oi^  F  is  resolved  into  3*18  tons  on  each  of  tha 

wz 

tie-Tods  0  and  J>.  The  tension  in  E  isbjrformula  ~  equal  to 

od 

=  ^  tons,  which  is  resolved  into  4|  tojos.  in  .C,  and  -875 

8x8 

ton  in  Vn  This  tension  in  F  is  resolved  into  1*54  tons  in  each 
of  C  and  D.  Summing  up  the  tensile  stresses,  there  are  (3*18 + 
4"76+l-54=)  9-47  tons  in  C;  (318  + 154=)  4-72*  tons  in  Dj 
$nd  5  tons  in  £. 


HABBKESS  OF  METALS,  ALLOYS,  AND  STONES.  ' 


Messrs.  F.  Grace  Culvert  and  11.  Johnson  tested  the  compara- 
tive hardness  of  metals  bv  the  indentation  made  by  a  steel 
point  under  pressure.  The  steel  point  was  about  |  inch  long, 
1|  millimetres  or  '049  inch  wide  at  the  point.  Wei^^hts  were 
added  until  the  point  entered  to  the  extent  of  3^  millimetres 
or  -128  inch  in  the  course  of  half  an  hour.  The  Table  224 jgves^ 
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HARDNESS  OF  -ttBTALS  AND  STONBS 


:he  comparative  hardness  of  several  metals;  and  Table  225 
^aves  the  result  for  several  alloys  of  copper,  zinc,  tin,  lead, 
ind  antimony.  The  highest  degree  of  hardness  is  that  of  cast 
.ron,  and  it  is,  for  the  purpose  of  comparison,  taken  as  1000. 

In  the  last  column  of  the  Table  of  alloys,  the  degree  of 
lard/iess  is  calculated  in  teims  oi  the  eleuie^^ts  separately,  lof 
»imi)lo  mixtures. 

The  results  from  the  alloys  of  copper  and  zinc,  Table  225, 
S'o.  1,  show  that  all ;  the  alloys  having  excess  of  copper  are 
iiuch  harder  than  the  metals  e(jni posing  them  ;  and  that 
ncrease  of  hardness  is  due  to  the  zinc,  the  softer  metal.  But, 
f  the  zinc  exceeds  in  proportion  tifty  per  cent,  of  the  alloy, 
hv.  alloy  becomes  so  brittle  as  to  break  as  the  yx)int  penetrates, 
rhe  alloy  Zn  Ou,  consisting  of  e((ual  weights  of  copper  and 
inc,  is  remarkable  for  its  hardness,  which  is  about  three 
imes  the  calculated  degree  of  hardness. 

In  section  4,  of  Table  225,  may  be  noted  the  softness  of  the 
)ronze  with  excess  of  tin.  Also,  that  an  increase  of  quantity 
»f  so  malleable  a  metal  as  coj)per  should  so  suddenly  render 
he  alloy  brittle,  until  fur  Sn  Cu^'\  brittleness  ceases,  and  the 
lardness  is  nearly  equal  to  that  of  wrought  iron. 

In  section  5,  Table  225,  it  is  notable  that  the  calculated 
lardness  of  allovs  of  tin  and  zinc,  is  not  verv  different  from 
he  actual  haixinesi> ;  indicating  a  stale  of  simple  mixture  of 
he  elements.   .  • 

In  Table  226,.  is  given  the  comparative  haidness  of  granites 
.ud  other  stones  according  to  M.  Reynaud. 

Table  224.— Compa rati vk  Hardness  of  Metals. 

(V.  Cvnro  (^n]vovt  k  li.  TobTisoii.^ 


Comparative 
;  Hardness 
Citst  Iroii  =  1000. 


Cast  Iron,  Staffordshire  cold-blast^  grey,  ( 

No.  3  ) 

Steel      .  •    .      .      .      .  ..  .  ' 

Wrought  I;L;on  (made  from  above  cA^  ( : 
'  iron)  '         .  '  .  .    .  j  ' 

Platinum  

Copper,  pure  

Aluminittm  o«     ^  *>   &     ./    .  . 
Silver,  pure ....... 

2dsiOf''  > 
Ocdd,    .  „    • ' 
:Cadmiiian,^pun» 
Bismathy 
Tin,  . 
Leml^  ' 


•  •  *  <■ 

a 


>?        •  • 
i 


1000 
958  ' 

876  * 

301 

271 

208 

183 

167 

im 

t>2 

27 

 DiOlLiZ 


by 
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Table  ^fU-^CoMPAHATiyB  HABDinsfis  of  Allocs.  . 


Alloys, 


Proportions  per 
cent,,  by  Weight. 


1.  CopiicT  anA  Ziiic,  ^ 
Zn  Cu*  : 

ZnCu* 

ZnCu*  . 

Zn  Cu« 

ZnCu  .   •  . 

CuZns  . 
Cu  Zn* 


CuZn» 


2.  Lead  di  Antimony 
Pb  Sb» 

PbS  b*  . 

•  •• 

Pb  Sba 
PbSb»  . 
PbSb 

EbSb*  .  . 
^  b  Sb> 
PbSb*  • 

PbSb» 


(  C 

I  z 
c 

z 

c 

z 

c 

z 

c 

z 

c 

z 

0 

z 

c 

Zi 

a 


82-1)5  } 

17-()5  f 

79-56  / 

20-44  ) 

74-  48  ] 
26-52  I 

88-94  ) 

49*8^  ( 

50*6$  ) 

»  82-74  ( 

67-26  t 

24-64  i 

75-  86  ) 

8a-48  I 

16-80  I 

8ft-70  I 


Compara- 
tive Hardi- 
ness. 
Cast  Iron 
=  1000. 


427 
4<)9 
469 
478 
604 
Broke 


Calculated 
Hardness. 
Cast  Iron 

»iooo. 


281 
.277 
276 
261 
;248 


L 
A 
L 
A 
L 
-  A 
L 
A 
A 
L 
A 
L 
A 
L 
A 
L 
A 

I  i,L.. 


24-81  ) 

75-  69  i 
28-64  ) 
71-86  » 
84-86  ) 
65-14  I 
44-58  / 
55-47  1 
88-89  \ 
i\UM  ] 
28-r)8  / 

76-  82  1 

17-  20  j 
82-80  i 

18-  48  ] 
86-52  ) 
ia-08  ( 
88-92  }. 


Broke 


■  •  * 

■  «  • 


•  » 


I 
I 
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HARDNESS  OF  METALS  AND  STONES. 


OF  Allots  (c&nt.^. 


Alloys. 


3.  Commercial  B  rasses. 
Large  bearings  " 

Mad  plugs  , 

Yellow  brass  .  . 

Pumps  and  pipes. 


Proportions  por 
cent.,  by  Weight. 


Compara- 
tive Hard- 


Calculated 
Hani  n  ess. 


=1000.        -  J^^^- 


Copper82-0o 
Tin 
Zinc 
Copper 

Tin 
Zinc 
Copper 
Zinc 

Copper  80 
Tin 
Zinc 


562 

750 

520 

343 


259 

262 

258 

257 


4.  Copper    and    Tin  I 
(^Bronze).  ' 


Cu  Sn* 
Cu  Sn* 
Cu  Sn' 
Cu  Sn2 
Cu  Sn 
Sn  Oa^ 
SnCa> 
8nCa« 
SnOn* 
Sn  Cu»o 
Sn  Cu" 
Sn  Cu» 
Sn  Ca»» 


i! 


! 

i! 
\ 

I 
I 


0 
T 

C 
T 
C 
T 
C 
T 
C 
T 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 
T 
C 


9-73 

90-  27 
11-86 
88-14 
15-21 
84-79 
21-21 
78-79 
84-98 
()5-02 
51-83 
48-17 
38-29 
61-79 
31-73 
(j8-27 
27-10 
72-90 

10-  r)8 

84-32 

11-  03 
88-97 

5-  .")  1 

91-  49 

6-  S3 
9H-17 


I 


83 

96 
104 
135 
Broke 

» 

» 

917 
778 
640 
602 


52 
GO 
69 
85 


257 
271 
278 


279 
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OF  Alloys  (joont.'). 


AUtOTS. 


^.  Lead  and  Tin. 
Pb  Sn»  . 

'  Pb  Sh*  . 

PbSn»  • 

Pb  Sn* 

PbSn  . 

♦ '  • 

8ii  Pb« 

Si^Pb»  , 
SuPb*  • 
Sn  Pb»  •  , 


I 


Proportions  per 
cent.,  by  Weight,  i 


1  z 

)  T 

(  Z 

I  T 

(  Z 
(  T 

)  Z 
I  T 
Z 
T 
Z 
T 
Z 
T 


i 
I 


I 


21-65  \ 

78-35  1 

35-GO  \ 

04-40  j 

47-49  I 

52-51  j  i 

37*57  \ 

()2-43  \  I 

31-14  \  \ 

68-86  j  I 

26-57  (  ■ 

73-43  J 
15-32 
84-68 


J 


nefls. 

Cast  Iron 
=  1000. 


65 
69 
83 
94 
105- 
125 
121 


Cast  Iron 
=  1000. 


L 

26-03 

T 

73-97 

L 

30-57 

T 

69-43 

T. 

36-99 

T 

63-01 

L 

46-82 

T 

53-18 

L 

63-78 

T 

86-22 

T 

22-11 

L 

77*89 

T 

15-91 

L 

84-09 

T 

12-43 

L 

87-57 

T 

10-20 

T. 

Sf)-80 

42 
41 
32 
26 
.21 
26 
21 
26 
23 


83 
110 
125 

142 
158 


.24 
24 
23 
20 

« 

20 

^ 

17 

.17 
17 
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HARDNESS  OF  UmAlS  AND  ATONES. 


»  Table  226.— Comparative  Habdnsss  of  Atones. 

(Keyiiaud.)     . 


• 

stone. 

1  Comparative 
Hardness : 
White- veined 
Marble  » 1. 

White-yeined  marble  ] 

Syenite  (red  granite)                      .  • 
Green  granite 

Grey  granite  of  the  Yosges ,  >. 

9)      Breti^gzite  •    •  •*  «      .  . 
„       „       Normaikdy  ^         •  . 
Dark  grey  marble  .  •     .    .  .      »      .  . 
Lias  limestone    .      .  •  . 

Voo 

.  .1-28 
•8S 

The  following  scale  of  liardnibss  is  that  adopted  by  thd 
Technical  Higb  School  at.  Prague.'.  The  substances  aj!6amanged 
in  ascending  order,  from  the  toftedt  io  the  haidest.  The  test 

ti  made  by  driMving  a  conlcally  pointed  cylindriedl  .f^Hece  of 
ne  of  the  metals  tabulated  along  a  polished  snrface  of  the 
elfLl  to  be  tested.  U  the  points  pieced" becoianrrntmlSfSq 
ithout  marking  the  surface,  the  metal  un4er  test,  is  imrder 
an  the  pointed  pieces  employed/  If  neither  point  nor  metal 
uiface  be  abnwled,  the  hardness  is.  taken  as  equal.*  If  t^e 
urf ace  be  scratched,  the  metal  npder  test  is  taken  as  softet 
han  ^e  pointed  metal  i-rr*  •  *'  ' 

1..  Pure  soft  lead.         .  •  j 

2.  *  Pure  tin.  .*      s  •  * 

3.  Pure  hard  lead. 

4.  Pure  annealed  copper*.  '  ; 

5.  Fine  cast  copper.     • J 

6.  Soft  bearing  metal  (copper,  85 ;  tin,  10 ;  sine,  fi)* 

7.  Cast  iron  (annealed). 

S.  Fibrous  tVTonofht  iron;  • 
9.  Fine  grained  light  gwy  cast  iron. 

10.  Toughened  cast  iron  (melted  witii  10  per  lient.  o| 

wrought-iron  turnings).  : 
11;  Soft  ingot  iron,  haying  'lo  per  cent  of  carbbn  (will  no^ 

harden).  •  j 

12.  Steel,  having  '45  per  cent,  of  carbon*  (not  hardened). 

13.  ,Steel,  having  -96  par  cent,  nf  oarVmn  (pnt.  ImrfiAT^ft^^   .  , 

14.  Crucible  cast  steel,  hardened  and  tempered  blue. 

15.  Crucible  steely  hardened  and  tempered  violet  to  orange- 
yellow. 
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16.  Crucible  steel,  hardened  and  tempered  straw-yellow, 

17.  Hard  bearing  metal  (copper  83,  tia  17). 

18.  Crucible  steel,  ^lass  hard. 


LABOinSt  or  AHIXAI8. 


j|fi»i.-^The 'average  net  daily  work  of  an  ordinary  laboater 
at. a  pmnp^  a  winch,  or  a  crane,  may  be  taken  at  3,300  foot- 
poimds  per  min  u te,  for  S  hours  a  day.  Bnt^  for  shorter  peridds^ . 
from  four  to  five  times  the  rate  may  be  exerted. 
<  Mof^s  And  Bullocks, — Boultotn  and  Watt  estimated  that- a i 
dray-horse  could  exert  ia  power  of  33^000  foot^poanda  pen 
minute,  for  8  boars  a  day..  Eiennie's  esti^mate  of  the  average  - 
work  of  horses,  strong  and  weak,  was  at  the  rate  of  22,000  f  oot^ 
pounds  per  minute  for  8  hours  a  day. 

•  A  pair  of  well-fed  bullocks  can  raise  water  at  the  rate* 
of  8,000  foot-pounds  per  minute,  for  a  morning's  work  of 
4^  hours. 


J££CfiAJ^ICAL  PHINCIPLJS3, 


The  statical  movient  of  a  force  or  of  a  body,  with  respect  to 
a  given  point,  or  axis,  or  plane,  is  cxpreHsed  by  the  product  pf 
the  weight  of  the  body  by  its  perpendicular  jLjistapcc  from  the; 
point,  axis,  or  plane.  r 

In  lerevfiy  the  moment  of  the  weight  or  resistance  about  the . 
fulcrum,  is  equal  to  the  moment  of  ihe  power  or  force  applied  , 
to  counteract  the  resistance.     Let  P=the  power,  W  =  the 
weight  or  resistance,  L  and  I  respectively  the  lengthy  of  the  t 
arms  of  the  lever,  taken  as  straight,  then  • 

the  moment  P  x  L  =  the  moment  W  x 

and  any  one  oi  the  four  quantities  P,  L,'  W,  and  ^^  c^n  be 
found  by  a  simple  adaptation  of  the  above  equatlon/fhus : — 


w=3E^4li-  ...  .  .  (2) 
.  i.  f  •    -         .        •  • 

•     y  ♦ 


w 


f 


%  £ 
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H£CQANXCAIi  PRING1PLB8. 


In  these  equations,  it  is  assumed  that  the  power  and  resist- 
ance act  on  the  lever  at  right  angles  to  it.  If  the  lever  be 
bent,  or  if  the  forces  act  obliquely,  equilibrium  or  equality 
of  moments  ma^  be  maintained.  Draw  a  horizontal  line 
through  the  fulcrum  to  meet  the  vertical  lines  through  the 
power  and  the  weight.  The  moments  of  the  power  and  the 
weight  are  calculated  on  the  horizontal' -lengths,  and  they 
are  equal  to  eacli  other. 

If  two  or  more  levers  are  connected  consecutivelv  one  to 
the  other,  as  one  system,  and  the  power  and  the  weight  are 
applied  at  the  two  extremes,  in  equilibrium,  the  power  is  to  the. 
weight  as  the  compound  inverse  ratio  of  the  levers.  Suppose,  for 
instance,  the  arms  of  the  levers  are  successively  as  3  to  1,  4' to 
1,  and  5  to  1,  the  compound  ratio  is  the  product  of  the  three 
ratios,  or  it  is  as  (3  x  4  x  5=)  60  to  1  ;  and^ the  power  is  .to.  the 
weight  as  1  to  00.  • 

In  simple pti  11^ i/s  on  fixed  bearings,  there  is  no  leverage,  or- 
augmentation  of  force  ;  they  simply  transmit  power,  or  cliange 
its  direction.  They  act  as  lerers  having  arms  of  equal  lengths^ 
Bat  the  pulley  may  be  employed  so  as  to  augment  the 
leverage,  by  suspending  the  weight  to  the  axis  of  the  pulley^ 
and  fixing  one  end  of  the  coid,  and  pulling  at  the  other  end. 
The  leverage  is  ds  Shio'l]'  in  '{hij4flS«:''£e'^ight  acting  at 
the  length  of  the  radius  of  the  pulley  from  the  fixed  cord,  and 
the  power'aA  ihb  length  of  tbe  dtametier.  • 

Pnlleyisftnay  bd*  combined  in  a  paitiof 'blodss;  or  sets' of  two* 
or  more  on  oiie  axis^;  ctf- which  one  block  »  fixed  in  position^ 
and  the  other  is  moveable,  taking  the  weif ht.i  The  rope  im  - 
usualljr  'fixed  by  otte  efld  to  the 'stwddnavy block,  and  is  passed 
over  the  fftstf  and  ttkoreafele  pulleys  -succ^vely,  ite  power' 
being  applied'  to  the  loose  ehd..^  The  force  r^iiired  at  the^ 
loose  %ud  of  the  rope  to  balance  tbe  weight,  irrespective' of 
frictional  and  other  external  resistances,  is*  equal  to  1^* 
quotient  of  the  weight  dividiod  hj  the  num]i)er  of  ropes  by 
which  it  is  carried,  or  the  ropes  proceeding  from  the  movje- 
able  block.   This  number  is  equal  to  twice  the  nilm^r  *df  . 
moveable  pulleys.  *  *  ' 

Conversely,  to  find  the  weight  or  resistance  that  will  be 
balanced  by  a  given  power,  irrespective  of  external  resistances, 
multiply  the  power  by  the  nuu^er  of  ropes  proceeding  from 
the  moveable  block.  / 

When  the  fixed  end  of  the  rope  is  fastened  to  the  move- 
able block,  the  divisor  or  multiplier  is  equal  to  twice  the 
number  of  moveable  pulleys  plus  1 . 

The  wlwel  and  axle  resemble  two  pulleys  on  one  axis, 
having  dilferent  diameters.  If  a  weight  be  lifted  by  means 
of  ^  a  rope  wound  over  the  axle  or  a  roller  on  the  axle,  the 

I  'I 
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power  being  applied  at  the  rim  of  the  wJ!;ieel,  Ht^  action  is 
like  that  of  a  lever  of  which  the  shorter  arm  is  equal  to  the 
radius  of  the  axle  plus  half  the  thickness  of  the  rope  ;  and  th^ 
longer  arm  is  equal  to  the  radius  of  the  wheel.  The  power 
and  the  weight  are  to  each  other  as  the  radial  lengths  inversely, 
irrespective  of  external  resistance  ;  or  they  are  as  the  diame- 
ters inversely.   As  with  the  lever,  so  with  the  wheel  and  axle, 

the  moment  P  X  L  =5  the  moment  W  X 
in  which  P  is  the  power  or  force  at  the  ciroumferoioe  of  the 
wheel,  VV  the  weight,  on  the  axle  or  bane^and  Lxf  respec-* 
tively  the  radii  of  the  whe^  aad  the  axle.  Where^ 

.P=^^    ....  (6) 

W  =  Zl}^      ....  (6) 

On  the  inclvrifid  j^ldnc^  if  a  weight  be  raised  bv  a  force 
applied  parallel  to  the  plane,  the  sides  of  the  triangle  formed 
by  the  plane,  its  base,  and  its  height,  are  proportional  respec- 
tively to  the  weight,  the  pressure  of  the  weight  on  the  plane, 
and  the  power  applied. 

Let  I  be  the  length  of  an  inclined  plane,  and  //  the  height, 
P  the  power,  and  W  the  weight  drawn  up  the  plane. 

ParJ!L5       .  ,        .  07) 

.  •  p^ 

When  the  raising  force  is  applied  to  the  weight  in  a  direc- 
tion parallel  to  the  base,  the  plane,  its  base,  and  its  height 
are  proportional  respectively  to  the  pressure  of  the  weight  ,pn 
the  plane,  the  weight,  and  the  power  applied.  '  ' 

The  wedge  is  a  pair  of  inclined  planes  united  by  their  bas'ds:^ 
The  wedge  is  employed  for  the  purpose  of  forcibly  sepamting 
two  bodies,  or  breaking  or  splitting  a  body  ;  or  for  fastening' 
bodies  together.    In  the  application  of  pressure  to  the  head 
or  butt-end  of  the  wedge,  to  cause  it  to  penetrate  a  resisting 
body,  the  power  is  to  the  resistance  as  the  thickness  of  the 
wedge  is  to  its  length.    Let  t  be  the  thickness,  I  the  lengthy . 
W  the  resistance,  and  P  the  power  or  pressuce  on  the  head  of ' 
the  wedge.  .  Then,-:  /  "       ■ '         ^  '    '       •  '  ;  ^."^^ 

•    .-  •■  • '  '•.  -      .      .  •     .  (9) 


(loy 


t 

£  E  2 
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HECHAXICAL  PRTNCIPTiKS 


The  firrcw  is  an  inclined  plane  lapped  round  a  cylinder. 
The  effect  of  a  screw  is  reckoned  in  terms  of  the  pitch  or 
height  of  the  plane  for  one  revolution,  and  the  radius  of  the 
handle  or  wheel  by  which  it  is  turned.  The  power  applied  at 
the  end  of  the  radius  describes,  for  one  tui*n  of  the  screw,  a 
circle  of  which  the  diameter  is  twice  the  radius.  The  circum- 
ference of  the  circle  is  equal  to  6*28  times  the  radius,  and  the 
power  is  to  the  resistance  as  the*  pitch  of  the  screw  is  to  6*28 
times  the  radius  of  the  pofwer,  or  t^  H*14  times  th6 'diameter. 
Let  ])  be  the  pitch  of  the  screw-thread,  r  the  radius  of  the 
levov  or  wheel  by  which  the  power  is  applied,  W  the  weight, 
load,  or  resistance  on  the  screw,  and  P  the  power.  Then, 

6-28  Pj«=:W>  *    .      .  . 

p 

■  „   6-28Pr  '  .■ 

..     .  . 

If  the  power  be  applied  through  a  wheel,  the  diameter  of 
the  wheel  mar  he  substituted  for  the  radius,  when  half  the 
co-efficient — 3*14 — is  to  be  employed  in  the  formulae. 

The  relations  are  the  same  whether  the  nut  be  turned  upon 
the  screw,  or  the  screw  be  turned  within  the  nut. 

Heohanical  Centrei. 

There  are  rarioua  mechanical  centres  in  solid  or  quasi-solid 
bodies— the  centre  of  giavity,  the  oentie.of  gytH^tm^  tiie 
centre  of  oscillation.  The.  first  is  statical ;  the  4^cpnd/  and' 
third  are  dynamical,  inasmuch  as  these  *re  only  devdoped  in 
bodies  in  motion. 

Centre  of  Gravity. 

The  centre  of  gravity  of  a  body  is  that  point  within  the  body 
about  which  tlie  gravitation  of  the  particles  of  the  body  is 
self-balanced.  It  is  a  resultant  centre  of  action,  at  which  the 
body  may  be  supposed  to  be  concentrated  :  at  which  it  can  be 
freely  supported  or  suspended  in  any  position  in  a  state  of 
rest.  In  various  classes  of  calculation  the  whole  weight  or 
maas  of  a  body  is  taken  as  massed  at  the  rentre  of  gravity 
when  at  rest,  or  when  in  motion  rectilineally. 


(12) 
(13) 
(14) 
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The  centre  of  gravity  of  regular  plane,  figures  or  solids — as, 
for  instance,  a  straight  line,  a  square,  a  parallelogram,  a 
regular  polygon,  a  circle,  the  circumference  of  a  circle,  an 
ellipse,  a  prism,  a  cylinder,  a  ring,  a  sphere,  a  spheroid,  a 
i;egular  solid — is  the  same  'an  the  geonietn<'.al  centre. 

The  centre  of  gravity  of  a  ])lane  triangle  is  found  by  draw- 
ing a  straight  line  from  one  of  the  angles  to  the  middle  of  the 
opposite  side,  and  setting  off  one-third  of  this  line  from  the 
side.  Or,  drawing  two  such  straight  lines  from  two  of  the 
angles,  their  intersection  is' the  centre  of  gravity. 

The  centre  of  gravity  of  a  trapezium  is  found  by  drawing  ^— 
the  diagonals,  and  joining  the  centres  of  each  alternate  pair 
of  triangles  so  formed.    The  linal  intersection  is  the  centre  of 
gravity. 

In  a  cone  or  a  pyramid,  the  centre  of  gravity  is  in  the  axis, 
at  a  distance  of  one-fourth  of  its  length  from  the  base. 

"For  arc  of  a  circle,  multiply  the  bisecting  radius  by  the 
chord  of  the  arc,  and  divide  by  the  length  of  the  arc.  The 
quotient  is  the  distance  o^  the  centre,  of  gravity  from  the 
centre  of  t)ie  circle,  . 

jfor  a  segiooLent  of  a,  cirde,  cube  the  chord  and  divide  by 
12  times  the  area  of  the  segment.  The  quotient  is  the 
distance  of  the  centre  of  gravity  from  the  centre  of  the 
circle. 

In  a  sector  of  a  circle,  the 'centre  of  gravity  is  two-thirds 
of  the  distance  of  that  of  an  arc,  from  the  centre  of  the  circle. 
0|r,  multiply  the  radius  by  twice  the  chord  of  the  arc,  and 
divide  by  three  times  the  length  of  the  arc ;  the  quotient  is  the 
distance  of  the  centre  of  gravity  from  the  centre  of  the 
circle.  , 

'  In'a  ^emicirc^  multiply  the  radius  by  *4244 ;  the  product 
is  th6  diBtahce  of  the  centre  of  gravity  from  the  centre  of  the 
^ii'ble.  •  j 

In  a  solid  hemisphere,  the  centre  of  gravity  is  at  a  distance 
of  three-eighths  of  the  ladias  from  the  centre. 

Vov  a  solid  spherical  segnient,  deduct  half  the  vei'sed  sine 
from  the' radius,  and  square  the  di&'erence;  multiply  this 
square  by  the  sq^uare  of  the  versed  sine  and  by  3i4l6';  and 
divide  by  the  content  of  the  segment.  The  quotient  is  the 
distance  of  the  centre  of  gravity  from  the  centre,  of  the 
segment 

In  a  hemiBpheiical  surface,  spherical-segment  surface,  or 
spherical-zone  surface,  the  centre  oJE  gravity  is  at  hal{  the 
height  of  the  axis* 

In  a  parabola,  the  centre  of  gravity  is  in  the  axifl^  at  a 
distance  of  three- flftlis  of  the  height  from  the  vertex. 

In  a  .seinipai-sil>ola,  the  ceu{;re  of  gravity  is  at  the  same 

Digitized  by  Google 


422 


HBCHANICAL  PRINCIPLES. 


Height  as  in  a  parabola,  but  it  is  situated  at  a  distance  from 
the  axis,  of  three-eighths  of  the  semibase. 
'  In  a  paraboloid,  the  centre  of  gravity  is  in  the  axis,  at  a 
distance  of  two-thirds  of  the  axis  from  the  vertex. 

For  two  bodies,  fixed  one  at  each  end  of  a  straight  bar,  the 
common  centre  of  gravity  is  in  the  bar,  at  that  point  which 
divides  the  distance  between  their  respective  centres  of  gravity 
in  the  inverse  ratio  of  the  weiglits.  In  this  solution,  the 
weight  of  the  bar  is  not  reckoned  for.  Bnt  it  may  be  taken 
iis  a  third  body,  and  allowed  for  as  in  the  following  direc- 
tions. 

For  more  than  two  bodies  connected  in  one  system,  find  the 
common  centre  of  gravity  of  two  of  them  ;  and  find  the  com- 
mon centre  of  these  two  jointly  with  a  third  body,  and  so  on 
to  the  last  body  of  the  group. 

Yov  any  plane  figure,  the  centre  of  gravity  may  be  found 
mechanically,  by  sus] tending  the  figure  by  any  point  near  its 
edge,  and  marking  on  it  the  direction  of  a  plumb-line  hung 
from  that  point ;  then  suspending  it  from  some  other  point 
near  the  edge,  and  again  marking  the  <lirection  of  the  ])lumb- 
line.  The  intersection  of  the  directions  is  the  centre  of  gravity. 

Centre  of  Gyration. 

The  centre  of  gyration,  revolution,  or  whirling,  is  the 
resultant  centre  of  the  force  or  work  accumulated  in  the 
revolving  mass  ;  so  situated  that  if  all  parts  of  the  body  were 
concentred  there,  the  work  accumulated  in  the  body,  at  the 
Hume  angular  speed,  would  be  the  same  as  in  the  original  body. 
To  find  the  position  of  this  point,  the  centre  of  gyration, 
suppose  the  revolving  body  to  consist  of  an  indefinitely  great 
number  of  equal  panicles  ;  as  the  work  accumulated  in  each 
]-)article  is  proportional  to  the  Sfpiare  of  its  velocity,  and  as 
the  velocity  is  proportional  to  the  radius  of  revolution,  or 
distance  of  the  particle  from  the  axis  of  revolution,  the  work 
in  each  particle  is  proportional  to  the  square  of  its  distance 
from  the  axis.  Multiply  the  weight  'bf  each  particle  by  the 
square  of  its  distance  from  the  axis:  the  pi*oduct  is  the 
moment  of  inertia  of  the  particle,  and'  the  stim  of  all  the  pro* 
ducts  is  the  moment  of  inertia  of  the  whole  mass.  Divide  the 
nloment  of  inerHa  by  the  weight  of  the  body  ;  the  quotient  is 
the  square  Of  liie  radius  of  gyration,  or  of  the  didtapc'e  oC  the 
resultant  centre  of  gyration  from  the  axis ;  and  the  sqoare 
root  of  the  <|uotient  is  the  radius  of  gyration.  The  moment 
of  inertia  is  nsually  represente  I  by  the  symbol  1.  '  Let  the 
total  revolving- weight  equal     and  the  MliU'*  of  gyration 
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equal  r.  The  relations  of  these  cj^uantities  are  expressed 
thus : — 

I=±tor«       .      .  .      .  (16) 

1*==!^,      .      .  .      .  (17) 


to 


(18) 


Concisely  expressed  thus  : — 

The  moiftent  of  inert  in  is  equal  to  the  product  of  the  weight 
by  the  S(^uare  of  the  radius  of  gyration.  * 

The  moDicnt  of  imrtia  divided  by  the  iveiyht  is  equal  to  the 
square  of  the  radius  of  gyration. 

The  I'adiua  of  gijratioti  is  equal  to  the  square  root  of  the 
quotient  of  the  moment  of  inertia  divided  by  the  weight. 

In' calculating  the  radius  of  gyration,  it  is  advisable  in 
practice  to  divide  the  body  into  a  considerable  number  of 
Hlnall  parts — ^the  more  numerous  the  more  nearly  exact  is  the 
result.  When  these  parts  are  equal,  the  radios  of  gyration 
m^Y  be  deiermined  by  simply  taking  the  mean  of  all  the 
sq4iarespf.thedist&a.ces  pf  the  parts  ftoxn  the  ^is  of  ^oIut 
tion.  and.  finding  the  ^nare  rool^  of  the  mem  suquare. 

The.  ^adi]is  of  g3rranon  of  a  straight  bar,  revolving  about 
one  eh^  is  e(][ual  .to  the  length  of., the  ]bar  mjultiplied  by 
•5773.  '  *  .  **        **    •  •  -  •  • 

^batof  a  .thin  rectan^alar  plate  revolVing  facewiae  on  one 
of  its  edgcSy  is  equal  to  the  radial  length  of  the  plate  multi- 
plied by.  •5778,* 

That  of  a  straight  baar  or  a'thin  rectangular  plate,  revolving 
abovib  its  mid*-leDgt^  or  centre,  is  equal  tb  the  length  multi* 
plied  by  *2886. 

Tbat/of  a -straight  bar  or  a  thin  rectangular  plate  revolving 
on  any  point  between  the  extremities,  is,  generally,  equal  to 

^'^^1*  yin  which     aud  b  ^  the  lengths  of  the  two 

parts  of  the  bar  or  plate.  That  is  to  say,  divide  the  sum  of 
the  cubes  of  the  two  sub-lengths,  by  three  times  the  length  of 
the  bar  ;  the  square  root  of  the  quotient  Is  equal  to  the  radius 

of  gyration. 

That  of  a  circular  plate,  a  solid  wheel  of  uniform  thickness, 
or  a  solid  cylinder  of  any  lengthy  revolving  on  its  axis,  is  equal 
to  the  geometrioil.radiugimultiplied«by  *7071. 

That  of  a  flat  ring  nr  hollow  cylinder  revolving  on  its  aziSy 

is  equal  to .  ^  — in  which  R  and  r  are  the  outer  an4 
inner  geometrical  railii  of  the  ring.    That  is  to  say,  the  radius 
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pi  gyrajtioa  is  equal  to  the  square  root  oi  jhalf  tlio  sum  oi  the 
squares  of  the  inner  and  outer  radii. 

That  o£  the  circumference  of  a  circle  revolving  about  its 
axis,  is  equal  to  the  geometrical  radius. 

That  of  the  circumference  of  a  circle  revolving  about  a 
diameter,  is  equal  to  the  geometrical  radius  of  the  circle 
multiplied  by  "7071. 

That  of  a  very  thin  circular  plate  revolving  about  one  of  its 
diameters,  is  equal  to  half  the  geometrical  radius  of  the 
pircle. 

'  That  of  a  solid  cylinder  revolving  on  a  diameter  at  mid- 

length,  is  equal  to  ^  /      +  _  ,  in  which  I  and   are  the  length 

'V-  12  4 

and  the  geometrical  mdius  tespectlv^j.  .  Xhatjs  to  aaj ,  ^vide 
the  square  ei  the  length  faj  12^  and  the  aqoare  of  the -radius 
4 ;  the  xndins  .of  -  gyuation  is  equaL  to  the  square  root  of 
the  sum  of  the  quotients. 
That  ol  a  hollow  ctylindear  revolving  on  a^  diameter  at  mid- 

length  is  equal  .to  ^  .  ^     in,jwhicl)  ^,1^,  Ai^d.r,  ^re 

the  length,  and  the  outer  and  the  inner  geometrical  radius 
respectively.  That  is  to  say,  diviilc  the  square  of  the  length 
by  12,  and  the  sum  of  the  squares  of  the  inner  and  outer  radii 
by  4  ;  the  radius  of  gyration  is  equal  to  the  square  root  of  the 
sum  of  these  two  quotients. 

.  Tha't  of  a  very  thip^  hollow  cylinder  tevolving  on  a  diameter 
at  mid4ength,  is  equal  to  ^     +      in  which  I  and  R  are 

the  length  and  the  outer  geometrical  radius  of  the  cylinder 
respectively.  That  is  to  say,  divide  the  square  of  the  length 
t>y  12,  and  the  square  of  the  radius  by  2  ;  the  radius  of  gyration 
h  equal  to  the  square  root  of  the  sum  of  the  quotients. 

That  of  a  solid  sphere  revolving  about  a  diameter,  is 
equal  to  the  geometrical  radius  of  the  sphei-e  multitilied  by 
•6325. 

That  of  a  hollow  sphere  revolving  about  a  diameter  is 
equal  to  ^  /  ^\  -         in  which  R  and  r  are  the  outer  and 

inner  geometrical  radii  respectively,  ^^hat  is  to  say,  divide 
twice  the  difference  of  the  fifth  powei*s  of  the  radii  by  five 
times  the  difference  of ..tiie cubes  of  the  radii;  the^mdinsof 
gyration  is  equal  to  the  square  root  of. the  quotient. 

That  of  the  surface  of  a  sphere,  or  a  very  thin  hollow  sphere, 
revolving  about  a  diameter,  is  equal 'to 'the  goon^trical  radius 
of  thp  sphere  multiplied  by  *djli>5« 
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That  of  a  solid  cone  revolving  about  its  axis  is  equal  to  the 
geometrical  radius  of  the  base  multiplied  by  '5477. 
That  of  a  solid  cone  revolving  about  its  vertex  is  equal  to 

in  which  I  is  the  leugthi  and  r  is  the  geometrical 


20 

radius  of  the  base.  That  is  to  say,  to  12  times  the  square  of 
the  length  acid  3  times  the  squai-e  of  the  radius ;  divide  the 
sum  of  these  by  20  ;  the  radius  of  gyration  is  equal  to  the 
square  root  of  the  quotient. 

When  the  cone  is  right-angled — the  radius  of  the  l^ase  being 
equal  to  the  length, — the  radiua  of  gyration  is  equal  to  the 
length  multiplied  by  -8660, 

That  of  a  paraboloid  revolving  on  the  axis  is  equal  to  the 
geometrical  radius  of  the  base  multiplied  by  "5778. 

That  of  a  parallelepiped  revolving  in  it.s  own  plane  about 
one  of  the  ends  at  a  point  midway  of  its  breadth,  is  equal  to 

^V^T^^  in  which  I  is  the  length,  and  b  the  breadth.  That 

is  to  say,  to  4  times  the  square  of  the  length  add  the  square 
of  the  breadth,  and  divide  the  sum  by  12 ;  the  radius  of 
gyration  is»equal  to  the  squarie  root  of  the  quotient. 

Centre  of  Oscillation. 

« 

The  centre  of  oscillation  of  a  body  vibrating  about  a  fixed 
axis  or  point  of  suspension,  by  the  action  of  gravity,  is  the 
resultant  centre  of  the  force  or  work  alternately  accumulated 
and  neutralised  by  gravitation  in  the  oscillating  mass  during 
each  vibration.  It  is  so  situated  that  if  all  parts  of  the  body 
were  concentrated  there,  the  quantity  of  work  alternately 
accumulated  and  neutralised  would  continue  unaltered,  and 
the  body  would  continue  to  vibrate  in  the  same  time.  The 
centre  of  oscillation  is  in  the  straight  line  which  joins  the 
centre  of  gravity  to  the  axis  of  oscillation.  The  i)articles  of 
the  body  have  velocities  varying  with  the  distance  of  the 
})articles  from  the  axis,  and  if  the  moment  of  inertia  of  the 
])0(ly,  the  method  of  finding  which  has  already  been  ex- 
plained, be  divided  by  the  weight  of  the  body,  and  by  the 
distance  of  the  centre  of  gravity  from  the  centre  of  suspen- 
sion, the  quulient  will  be  the  length  of  the  resultant  radius  of 
oscillation,  at  the  end  of  which  is  the  centre  of  oscillation. 
Putting  ]  and  m),  as  before,  for  the  moment  of  inertia  and  the 
weight  of  the  body  respectively,  rjo  for  the  radius  of  oscilla- 
tion, and  rjg  for  the  melius  of  this  centre  of  gravity,  then, — 

Wtf  =     ^     -    .      .      .      .  (19) 
and  rjo  x  r/^  —  1       .      .      .   .  (20) 
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But  ^ib  equal  to  yy/  -  ^  'V^     '  ^  square  of 

the  radius  of  gyration,  cousequcntly, 

rlffiriirirfo  ....  (21) 

Tliat  is  to  say.  the  radius  of  osciUatiou  is  a  third  proportional 
to  the  radius  of  the  centre  of  giftvity  and  the  radius  of 
gyration,  and  finally, 

Radius  of  o8cniation=  ^l^l^L^Jl  .  (22) 

Tadius  of  centpe  ot  graTity 

In  a  straight  line,  or  a  uniform  thin  bar  or  cylinder,  sus- 
pended by  one  end,  oscillating  about  it  as  an  axis,  the  centre  of 
oscillation  is  at  fids  of  the  length  of  the  rod  from  the  axi& 

Jn  a  straight  line  or  thin  bar  of  uniform  thickness,  but  in 
which  the  density  of  its  particles  increase  as' the  distance  from 
thei  axis,  the  centre  of  oscillation  is  »t  fths  of  the  length  of 
the  rod  from  the  axis. 

In  a  straight  line  or  uniform  thin  bar,  suspended  at  a  point 
one-third  of  the  length  below  the  upper  end  of  the  bar,  the 
centre  of  oscillation  is  at  Jrds  of  the  length  l^elow  the  axis,  or 
it  is  eoincidcnt  with  the  lower  end  of  the  bar.  Ttiiat  is  to  sayt 
whether  a  thin  bar  be  suspended  at  one  end  or  at  a  point 
one-third  of  its  len^h  below  the  upper  end,  the  vibrations 
will  be  performed  in  the  same  time.  The  limit  of  transition 
of  the  axis  is  at  half  the  length  of  the  bar,  round  which  point 
it  does  not  oscillate  at  all,  the  Centre  of  osoiilation  being 
indefinitely  removed. 

The  lengths  of  the  I'ftdius  of  oscillation  of  a  few  regular  plane 
figures  or  thin  plates,  suspended  by  the  vertex  or  uppermost 
point,  ai^  as  follows  : — 

1st.  When  the  vibrations  are  Hatwise,  or  perpendicular  to 
the  plane  of  the  figure  : 

In  an  isosceles  triangle  the  radius  of  oscillation  is  equal 

to  Jths  of  the  height  of  the  triangle.  •  >' 
In  a  circle,  -fths  of  the  diameter.  '  • 
111  a  parabola,  5ths  of  the  height. 

2nd.  When  the  vibrations  are  edgewise,  or  in  the  plane  of 
the  figure : 

In  a  circle  the  radius  of  oseillation  is  i^Uhsof  the  diameter. 
In  a  rectangle  suspended  by  one  angle,  Jals  of  the 

diagonal.  ■  • 

In  a  paral)ola,  suspended  by  the  vertex,  fths  of  the  height, 

plus  ;',rd  of  the  parameter. 
In  a  parabola,  suspended  by  the  middle  of  the  base,  Jthi 

of  the  height  plutj  ^  the  parameter. 


u\gui^co  Ly  Google 


pendulum; 


427 


In  a  sector  of  a  circle  suspended  by  the  centre,  }ths  of 
the  geometrical  radius  multiplied  by  the  length  of  the 
arc,  and  divided  by  the  length  of  the  chord. 
The  length  of  the  radius  of  oscillation  of  a  cone  is  |ths  of 
the  height,  plus  the  quotient  obtained  by  dividing  the 
square  of  the  radius  of  the  base  by  live  times  the  height. 
If  a  right-angled  cone  be   suspended  at  its  vertex,  the 
centre  of  oscillation  will  coincide  with  the  centre  of  its 
base,  aod  tl^e  codb  will  vibrate  in  the  same  time  as  a  simple 
pendulum  of  which  the  length  is  equal  to  the  height  of 
the  cone. 

That  of  a  sphere  suspended  by  a  eosd  is  |ths  of'  the  sqasre 
of  the  geometiical  radius,  divided  bj  the  length  est  the  catd 
measured  to  the  centre  of  the  sphere,  plus  th^i  length  of  .the 
chord  so  taken.-  For  example,  in  a  sphere  8  inches  in>diAi 
meter,  suspended  by.  a  cord  or  a  light  rod  20  inch^  long,  a8 
meaaaured  between  the  centre,  of  suspension  and  the  centre  of 
the  sphere^,  the  radius  of  oscillation  is  equal  to, — 

*  +40 =-32  +  20 =20-32  inches, 

jor  '32  inch  below  the  centre  of  the  sphere. 

if  the  point  of  suspension  be  at  the  surface  of  the  sphere, 
or  at  the  extremity  of  a  geometrical,  radius,  the,  radius  of 
oscillation  is  equal  to  fths  of  the  radius,  or  ^ths  of  the 
diameten 

Centre  of  Percussion. 

The  centre  of  percussion  of  a  body  oscillating  or  vibrating 
about  a  fixed  axis,  is  identical  with  the  centre  of  oscillation, 
which  is  the  point  at  which,  if  a  blow  ijs  struck,  the  percussive 
action  is  the  same  as  if  the  whole  mass  of  the  body  were 
concentrated  at  the  point. 

ft 

The  Pendulum. 

A  "simple  pendulum"  is  defined  as  a  heavy  particle 
attached  to  one  end  of  a  cord  or  a  rod  without  weight,  and 
caused  to  vibrate  on  the  ceutre  of  suspension.  The  time 
6f  vibration  of  an  ordinary  pendulum  de[)ends  on  the  angle 
or  arc  of  vibration  ;  but  for  arcs  of  vibration  not  exceeding 
4  or  5  degrees,  the  time  of  vibration  is  sensibly  the  same  for 
finy  length  of  arc  within  that  limit.  This  uniformity  of  time 
of  vibration  is  called  isoeiironism. 

The  length  or  radius  of  oscillation  of  the  peiululura  vibrat- 
ing seconds,  at  the  level  of  the  sea,  in  the  latitude  uf  London, 
is  3i)*13UH  inches,    'i'lie  lengths  for  other  places  arc  given 
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Tahlk  227.— Gi^avity  ;  Length  of  Secqnds  Pendulum. 


I 


Latitude. 


Force  of 

Gravity  at 
the  Level  of 

the  8ea : 
Value  of  g. 


Length  of 
Pendulum 
beating 
Seconds, 
at  tlie  Level 
of  the  Sea. 


Equator  . 
LaUtcid^e .45°  •  . 
Paris  *     . « 
Gieenwich  (London). 
Berlin      .      .  .  . 
Dublin  .  ... 
Manchester 
Ediubuigh    .      .  , 
Aberdeen  • 
Pole     .      .      .  . 


Degi.  Sees. 
0  0 


45 
48 
51 
52 
53 
53 

57 
90 


0 
50 
29 
30 
21 
20 
57 
9 
0 


Feet  per 

Seoonit. 

32091 

32173 

32-183 

32-191 

32*194 

32-190 

82106 

32-208 

32-20r. 

32*255 


Feet. 

8-2514 
3*2597 
8-2609 
3-2616 
3*2619 
3-2621 
3-2622 
3-2629 
.S-2632 
3-2682 


The  relations  of  time,  height  of  fall,  and  velocity,  are 
expressible  as  follows  : — 

Total  time  as       .       .       .  1,  2,  3,    4,  5cc. 
Velocity  acquired  as       .    .  1,  2.  3,    4,  &c. 
Height  of  Fall  as       .      .  1,  4,  9,  16.  &e. 
.  Orae  .      .      .   .  1,  2«,  3%  4«,^c. 
Whilst  the  velocity  is  increased  simply  with  the  time,  the 
height  &llen  increases  as  the  square  of  the  time,  and  as  the 
sqtLare*  of  the'  velocity.  These  rdatiotts  are  formulated  in 
the  following  rules,  in  which, — 

t  =  time,  in  seconds. 

h  =  height  fallen,  in  feet.  . 

V  =r  velocity  acquired,  in  feet  per  second. 

Rule  1. — To  find  the  relocHy  arqvirr/l,  given  the  height 
of  fall,  multiply  the  height  by  G4'4,.and  take  the  square  root 
of  the  quotient. 

Or,  multiply  the  square  root  of  the  height  by  ^.  The  exact 
value  of  the  cocfiicient  is  8'025,  but  3  is.  usually  taken  for 
ordinarv  calculations.  *      '  '* 

These  rules  are  formulated  thus 

•      *     '    ,  [v  =  ^Ji>V^  k    r  /   .        .         .  (30) 

Or«  =  8Vj    •      .      .      .   .  (31) 

BuLlB  2.-^To  find  the  velocity  a^rquired'^  given  -tilie  time  of 
fall.   Multiply  the  time  in  seconds  by  32*2.  Or, 

»t=32-2^'  .      .      ,  (.32) 
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Bulb  3. — To  find,  the  IwigH  of  fall,  given  the  velocity 
acquiied.   Square  the  velocity,  and  divide  by  64'4.  Or, 

Rule  4. — To  find  the  Iwiglit  of  falL  given  the  time. 
Multiply  th^  square  of  the  time  by  10*1,  Or, 

Rule  5. — To  find  the  heigJU  of  fall,  given  the  velocity 
and  the*tHBar  Multiply  the  vfilocii;^  by  the  ti2ae,aiid  divide 
^2.  Or, 

!  h.^  —  (85) ; 

I  ■ 

\  HuLE  r>. — To  find  the  thxc  of  fall,  given  the  velocity : 

a  squired.    Divide  the  velocity  by  32 -2.    Or,  ^ 

*  *=  ~        .      .      .      .     (36) ' 

Rule  7. — To  find  the  tlvie  of  fall^  given  the  height. 

liivide  the  height  by        .and  find  the  square  root  of  the 

quotient.  " 
.  Or,  multiply  the  square  root  of  the  height  by  -2492.  \ 
I  Or,  take  one-fourth  of  tlie  square  root  of  the  height,  to  find  J 

t^e;  time  very  nearly  (within  one-teikh  pf  one  per  beat,  of  | 

ep6r  bJr  excess).  Or, '  - 


;      '     '  Or,  t  .=  i  V^.  (very  nearly)      .  (39) 

(The  abore. rules,  drawn  for  falling  bodies,  arc  available  also 
for  jthe  case  td  bodies  projected  freely  upwaidH  in  opposition  to  j 
gravity*  and  uniformly  retarded  by  it.  The  symbol  v  is  i 
expressive  of  the  initial  velocity  with  wliich  tlie  ascending  j 
body  is  propelled  ;<  A  is  the  height  to  whicji  it  lises  f  t  is  the  j 
time  of  ascents  | 
The  formula  (33)  for  Llie  height  due  to  the  velocil^y  may  be  j 
adapted  for  findij^  the  head  due  to  a  velocity  expressed  i 
ill  miles  per  hour*  A  speed  of  1  mile  ^er  hour  is  equiva-  | 
lepit  to  l'^ti  feet  ])cr  sccoiid,  and  the  formula  become?  by  { 

substitution,  h  =  .... 
1  G4-4  .  ' 

•B/TdduQition,  the  following  rale  is  obtained  : — 

IRttlb  7.— To  find  the  heiffllU  dtte  to  the  felocity  or  speed  In 
miled  per  honr:  Divide  the;$^tmre  of  the  s^eed  by  2&'94.  Or 

.  •  •  I     •    29!M-  : 
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The  following  table  contains  the  times  of  fall,  and  the 
final  velocities  due  to  given  heights  of  fall  ;  Table  229  gives, 
conversely,  the  heights  of  fall  due  to  given  velocities ; 
Table  280  gives  the  heights  of  fall  and  the  final  velocities  due 
to  given  times  of  fall ;  Table  231  gives  the  heights  of  fall  due 
to  given  speeds  in  miles  per  hour. 

Table  228.— Falijxct  Bodies  :— Height  op  Fall»  and 
cokrespondin(;  timk  of  fall,  and  fixal  velocity. 

/  =  -2 1!>2  v^/T  r  r=  S-02r»  v'7''   


;  Volo- 
city  ac- 

}  quiml 
ill  Feet 

t 

1  per 
Second. 

Velo- 

Velo- 1 

of 
Fall. 

i  11116 

of 
Fall. 

1 
1 

1  llei;jlit 
1 

1  Fall. 

1  1IM6 

of 
Fall. 

• 

city  ac- 
iiuired 
in  Feet 

VIA*. 

per 
Second. 

1 1  lei^nL 
1  of 
1  Fall. 

1 

I  line 
of 
Fall. 

city  ac-| 
quired  1 
m  Feetl 

nMT*  1 

Second.! 
1 

 . 

r  rt^u 

•01 

•025 

Feet 
1  per  See. 

•soil 

1 

1  r<'et. 
1 

1  ^295 

Feet 
per  Sec. 
1  950 

■     F  "  "I. 

1 

'  'o29 

1   Feet  1 
per  Sec.l 
l/*03  1 

•02 

'  -035 

114 

1  1-5 

1  •305 

9^83 

1  40 

•.)34 

1  1 ^21  1 

•08 

•043 

1-39 

1  10 

•315 

10^15 

1 

•;)40 

;  17^40  1 

•04 

•050 

1-01 

1  ^ 

^  ^325 

1  10-40 

1  111 

1  4-8 

•o4(» 

lri»8  1 

•Ui) 

1  -050 

1  •80 

1  1*8 

•334 

10-77 

1  4-9 

•:).)2 

17^78  1 

•00 

•001 

1-97 

1-9 

-344 

1  i-oi; 

1  5-0 

17^99  1 

•07 

•000 

2*12 

1  20 

1  ^353 

11-35 

.>-2;) 

■;)71 

18-41  1 

•08 

2  1 

\  -301 

1 1  03 

1  .>-.> 

•i>8o 

18-82  1 

•OO 

i  •07;> 

2-4  1 

1  «)••) 

'  370 

'  ll-9n 

1  5  -  75 

•i)98 

19^24  1 

•I 

•07i) 

2-54 

2-3 

•378 

12-17 

(rO 

-(>11 

19'hb  1 

•15 

•097 

3- 1 1 

2-4 

•38(^ 

12-43 

0*25 

•023 

20^07  1 

•9 

•1 12 

3-5!i 

2-5 

•394 

12-(;9 

()-.) 

•03o 

20^40  1 

•25 

•125 

4'(ll 

2-0 

•402 

12-94 

r)-75 

•047 

20^8i)  1 

•8 

•137 

4-40 

2-7 

•410 

13^19 

7-0 

•0.)9 

21^23  1 

•35 

•147 

4*75 

2-8 

•417 

13-43 

7-2;) 

•6/2 

21^01  1 

•4 

•158 

5-07 

2*9 

•424 

130  7 

7-.r 

•083 

21^97  1 

•45 

•107 

5-38 

3-0 

•432 

13-90 

7^75  1 

•()94 

22*33  1 

•5 

•170 

5-08 

3-1 

•439 

1  II 3 

8^0  i 

•<0.T 

22^09  1 

•  >•> 

1  Oil 

■  )  1 

•710 

*>3'0.'>  1 

•0  ' 

•193  ' 

0-22 

3^3 

•453  ' 

14^58 

8-5  , 

•727 

23^40  1 

•05  1 

•201 

0-47 

3-4 

•459 

14^80 

8-75  1 

•737 

23^74  1 

•7 

•20i» 

071 

3^5 

•400 

15-01 

11-0 

•740 

24^07  1 

•75  , 

•210 

0-95 

3^0  1 

•473 

15-22 

9^25  . 

•757  ! 

24^40  1 

•s 

•223 

7  18 

3-7 

•480 

15^43 

9^5 

•708  1 

24^  73  1 

•S5 

•230 

7-40 

3-8  ' 

■480 

1504 

9-75 

•778  • 

25^00  1 

•9 

•230 

7<;i 

3^9 

•492 

1585 

•788 

25^38  1 

•05 

•243 

7  82  1 

4^0  ' 

•498  1 

10^05  J 

lO-i>  1 

•808 

20  01  1 

I-O  1 

•249 

8-03  1 

4^1  ( 

•505  ) 

10-25  I 

11  1 

•827 

20  02  1 

M  ! 

•201 

8-42  1 

4^2  1 

•511  1 

10-45  1 

11-5  1 

•845 

27-22  1 

1-2  1 

■273 

.8^79.| 

4^3 

•517  ; 

10^04  1 

12 

•803 

27-80  1 

\'3 

•284 

9-15  1 

\-\ 

•523  ! 

10^84  1 

12-5  ' 

•881 

28-37  1 
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Table  228.— Fall,  Time,  and  Vblootty  (enntlnued). 


»  T 
t  • 

Vein. 

• 

Velo- 

• 

• 

Velo- 

Height 

of  1 

Time 
of 

city  ac- 

Height 
of 

Time 

of 
Fall. 

city  ac- 
quired 

Height 
of 
rail. 

Time 

city  ac- 
(luired 

Fail  1 

A  All* 

« 

Full 

ill  Feet 

per 
Second. 

1il*Mlt 

fall. 

in  Feet 

per 
Second. 

in  Feet 

lier 
Second. 

1 

k 
■ 

'Feet 

Feet 

DPI* 

Feet 

I  Feet 
iper  Sec. 

Feet. 

SecR. 

1.''  L. 

twr  Son 

i  13 

;  13*5 
i  14 

2»93 

43 

1  DM 

160 

3-152 

101-5 

*916 

2949 

44 

1  OTO 

170 

3*250 

104-6 

-933 

3(]h03 

45 

»o  8o 

180  ' 

3-344 

107*9 

*949 

3056 

46 

1  o9U 

54*43 

190 ; 

3-435 

1  1  A«IC 
Liv  O 

15 

•965 

31^08 

47 

i*7uy 

i).)*02 

200 

225.1 
250  ' 

3*525 

113*5 

15-5 

•981 

3L*59 

48  ' 

oo  bO 

3-788 

120*4 

•997 

3900 

49 

1  74« 

00*17 

3*941 

126*9 

ie-1 

lEIIIIll 

32^20 
32^00 

50  " 
52 

I  7oJ 

ou  74 

275 
300  ' 

4*133 
4*317 

133-1 

16-5 

1*018 

o/  87 

189*0 

17 

1-028 

3.S!>09 

54  ' 

1  Oi>l 

00  97 

325  • 
350 

4*493 

144-7 

17-5 

1033 

33^57 

56 

Vousy 

(lO  (Jo 

4*663 

18 

1-057 

34f05 

58 

I'oDo 

01-12 

375  ' 

4*826 

155*4 

*b^^  Mm 

18-5 

1-072 

34-52 

60 

I'SoO 

02*16 

400 

4*984 

160*5 

lU 

1-086 

34^98 

62 

l*9i>55 

Od'lU 

425 

5*138 

16.1-4 

Ilk) 

l-lOl 

85-44 

64 

1-;)IW: 

04  20 

450  • 

5*287 

170-2 

20 

M15 

35-89 

60 

J  OJo 

<*X.OA 

Oo'JU 

475  ! 

5-432 

174-9  ' 

21 

1-141 

30-77 

68 

J  Ooj) 

18 

;  500 

5-578 

179-9  ' 

1  22 

1-107' 

87-04 

70 

J  Ool> 

(>7  14 

550 

5-845  j  188-2 

rr.)4 

88-49 

72 

J  1  li) 

1)8  1)9 

000 
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IIMJ-O  : 

\  24 

1-221 

89-81 

74 

O.I  1  1 

J  144 

i't  k.i  \0 

()9  ()^ 

050  •:  1 

6-854 

204-l> 

25 

1-241) 

40-12 

76 

i  i  /O 

700 

6-594 

212-8 

i  2a 
I 

1-271 

40^92 

78 

2-04 

70  87 

750 

0-825 

219-8 

27 

1-21)5 

41*70 

80 

71  »7C 

/ 1  7b 
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\J  V/  V 

7-049 

22i;i> 

;  28 

1-819 

42-47 

82 

70.I'  7 

72  (»7 

850  ^ 

7-200 

284-0 

i  21) 

1-842 

48-22 

84 

2-284 

73-55 

900 

7-477 

240-7 

30 

1-805 

48-!):) 

8(; 

2-811 

74-42 

950 

7-(;81 

247-8 

31 

1-888 

44-(;8 

88 

2-888 

75-28 

1000 

7*881 

258-8 

!  32  ' 

1-410^ 

45-89 

90 

2-8(>4 

7(i-18 

1500 

9-r)52 

810-8 

i  83 

1-482 

4(>-10 

92 

2-890 

70-97 

2000 

11-15 

858-9 

:  34 

1-458 

40-79 

94 

2-410 

77-81 

2500 ' 

12-4() 

401-^ 

'  35 

1-474 

47-47 

90 

2-442 

78-()8 

8000 

18-(;5 

439-5 

;  3(;  ' 

1-495 

48-15 

98 

2-4r>7 

79-45 

8500 

14-74 

474-7 

:  37 

1-516 

48-81 

100 

2-492 

80-25 

4000 

l5-7r» 

507-5 

1  38 

1-580 

49-47 

110 

2-014 

84-17 

4500 

10-72 

588-8 

i  39 

1-550 

i)0-ll 

120 

2-73P 

87-91 

ijOOO 

17-02 

507-4 

40 

1-570 

50-75 

180 

2-84g 

91-50 

7500 

21-58 

oii:)'0 

41 

I-5y(> 

51-88 

\  52-fn--^ 

140 

^150 

2-949 

94-95 
1)8-28 

1 0000 
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duriug  which  an  accelerating  force  is  ap])licd  to  the  Ixxiy, 
sU|)posing  that  the  ]>udy  is  started  from  a  state  of  rest  ;  v  the 
tinal  velocity  acquired  ;  .v  the  8])ace  in  feet  traversed  by  the 
body  during  the  time — the  e<iuivaleiit  of  the  height  in  the  rules 
for  gravity  ;  /  the  accelerating  force  in  pounds  ;  w  the  weight 
of  the  body  iu  pounds.  The  velocity  acquired  is  directly  as 
the  accelerating  force,  and  inversely  the  weight  of  the 
body. 

Boles  for  Accelerated  Xotion. 

RrLE  1. — To  find  the  final  velocity given  the  weight,  the 
force,  and  the  space.  ^Multiply  the  force  by  the  space,  and 
divide  by  the  weight ;  tind  the-square  «)0t  of  the  quotienti 
mi^  multiply  by  3.  0^ 

(41) 


V  u 


t 


i?=^fLf!:^  .    ;  •    .  '    .  (42) 


Rule  2. --To  lind  the  ji mil  ccloeity,  given  the  weight,  the 
force,  and  the  time.  Multiply  the  force  by  the  time,  and  by 
32 '2,  and  divide  by  the  weight.  Or, 

w 

"Rule  3. — To  finSTflic  /ortr,  "given  the  weight,"  tHelnal 
velocity,  and  the  space.  Multiply  the  weight  by  the  square  of 
the  final  velocity,  and  divide  by  the  space,  and  by  64-4.  Or, 

.  .  (43) 

BuLa.A*— To  jflbod  tjiejorce,  given  the  .weight,  .the  find 
velocity,  and  the  time.  Multiply  the  weight  by  the  velodty, 
iind  divide  by.  the  time,  and  by  32*2.  Or, 

:-    --■    >=s  ....-.(«) 

:  B0LE  5. — ^To  find  the  weighty  given  the  fofrce,  the  velocifyf 
and  the  space.  Multiply  the  force  by  the  space,  and  by  64*4, 
and  divide  by  the  square  of  the  Velocity.  Or, 

tO<3S  ^     ^  .  t  .     .  •  •      (40  j 


nxTtEB.'^To'JShd  flur%paee,  giveA'the  weight,  the  Ibial 
velocity^  and  the  force*  ^  Multiply  weight  Iqr  tha^  square 
of  the  velocity,  and  divide'by  the  force,'  and'hy  o4'4.  '  Or, 
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Rule  7. — rTo  find  the  apacr^  given  the  weight,  the  for(^e, 
and  the  time.  Multiply  the  force ^ by  the  squ^rQ  pf  the  time| 
and  by  16*1,  and  divide  by  the  weight.    Or,  . 

.    '     ■  .  \J-^:^f^  .  .   .  '.'  .  (47) 

to 

Bulk  S,— To  find  t%e  $pae€^  given  the  velocity  and  the 
time.   Multiply  the  telodfy  by,  the  time,  and  divide  by  2. 

.....  m 

Rule  9. — To  find  th^  time,  given  the  weight,  ihe  force, 
and  the  final  velocity;  Multiply  the  weight  by  the  T^ocityt 
and  divide  by  the  f  ovoe»  and  by  32*2.   Or, . 

^     '   '      '  iov 

32-2/  -     ^  ^ 

Rule  10. — To  find  tJie  time,  given  the  weight,  the  force, 
and  the  space.  Multiply  the  weight  by  the  space,  and  divide 
by  the  force  ;  find  the  square  TOot  oi  the  quotient,  and  divide 
by  4,   Or,  .  ;  • 

\  f 

The  foregoing  fdnnnlfls  'are  available  for  calctilating  qnes- 
tioDB  of  retarded  motion ;  v  being  the  initial  velocity,/  the 
retarding  force,  to  the  weight  gf  %Sd  bbdy,^  the  space  in  which 
the  motion  is  reduced  to  nothing,  and  t  the  time  of  retarOation. 

Rt7LE  11. — To  find  the  accdcrating  or  refardhrg  fovea  in  a 
body  which  is  in  motion  at  the  beginning  and  end  of  the  space 
traversed,  when  the  ppace  is  given,  aiid  also  the  velocities  at 
the  beginning  and  the  end  of  the  Fjmc'o.  Divide  the  difference 
of  the  squares  of  the  velocities  by  the  space  and  by  ()4'4,  and 
multiply  by  the  weight.  The  product  is  the  aecclerating  or 
retarding  force,  according  89  the  i&iis  OC  the  greater  velocity  is 
the  initial  velocity.  Or, 

Xote^ — When  the  weight  and  the  force  are  in  simple  relation 
to  eaoh  othery  wpr^bHeby  a  simple  fractiont  the  terms  of  tbo 
fraction  may  be  snbstitnted  for  w  and/  in  the  formulas  (41), 
(42),  (46),  (47),  (49),  (50),  and  oalcttlatkm-simplitied, 
•  t  •  • 

Deseent  of  Bodies  <«  Inelined  Planes. 

The  descent  of  a  body  on  an  inclined,  plane  by  the  gravita- 
tion of  tJie.'body^  is  a  case  of  .an  accelerating  force  less  t^ 
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that  of  cT^avity  on  a  vcrtinally  falling  body  ;  to  be  solved  by 
the  aid  of  the  general  formulas  tot  accelerating  forces.  The 
accelerating  force  of  gravitation  on  an  inclined  plane  is  to  the 
direct  for('(;  of  gravity  in  the  ratio  of  the  height  of  the  plane 
to  the  length  of  the  plane  ;  and  it  is  therefore  inversely  pro- 
pprtional  to  the  length  of  the  plane,  when  the  height  is  the 
same.  The  accelci*ating  force  v  is.  determined  by. multiplying 
the  weight  of  the  descending  body  by  the  height  of  the  plane, 
and  dividing  the  product  by  the  length  of  the  plane*  For 
instance,  a  body  weighing  100  lbs.,  on  an  incuned  plane 
JOOO  feet  long  and  20  feet  high,  is  controlled  by! an  aocelerat- 
ing  force  of  (100  x  ^f^,- 100  x  )  2  pounds.  But,  inasmo/^b 
as  tho  aocelerating  force  acts  through  a  space,  or  length  of 
incline,  {)ropo7i:ionally  longer  as  the  force  is  less,  the  time  of 
descent  is  also  proportionally  longer,  and  the  final  velocity 
acquired  at  tho  foot  of  the  incline  is  c<iual  to  that  dne  to  the 
vortical  height  for  a  falling  body.  Thoso  relations  are  dedaoed 
without  allowance  for  external  resistances. 

To  adjust  formula  (50)  for  finding  tho  time  of  free  descent 
of  an  inclined  plane  : — ?r  and  /  being  in  proportion  to  /,  the 
length  of  the  plane,  and  h  the  height  of  it,  these  may  be  sab* 

stituted  for  w  and  /  iu  the  formula,  and  i,  =i vi^/^.beconjies 
f=i  jj.  x/^-^  :  and.  tis  J  a  / 1* ;  or,  finally, 

•    ^.      .  Y  /f  .  ..      ,  , 

7 

.  .       ,  ....  02) 


IlULE  1. — To  find  the  time  ot  descent,  given  the  length  and 
the  height  of  the  inclined  plane.  Divide  the  length  of  the 
plane  by  4  times  the  square  root,  of  the  height  pf  the  plane. 


Central  Foroes. 


.♦t 


When  a  Ijody  revolves  about  an  axis  or  centre,  it  is  subject 
to  eentrifngal  force,  by  which  it  is  urged  to  fly  from  the 
rent  re  :  and  to  centripetal  force,  the  re  active  force  by  which 
the  centrifugal  force  is  balanced,  and  by  which  the  body  is 
eonstvained  to  move  in  a  circular  path.  These  are  known  as 
eentral  forces.       *  '  r     «  • 

Central  force  varies  as  the  scjuare  of  the  speed  of  revolu- 
tion.  whether  in  terms  of  the  linear  or  circumferential  velo* 
city,  or  of  the  angular  speed  in  revoluMonB  per  nnit  of 
time.  . 
s    It  varies  as  the  radins  of  tlie  elide  of  ieVolfttion. '         '  . 

It  varies  as  the  irtass  or  weight  of  the  involving 'Iwdy. 
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w=the  weight  of  the  revolving  body,  iu  pounds. 
=r  J!L  ^t^e  mass  ot  the  bcxlr ;  g  representing  gravitj. 

ty=:the  linear  or  cirqumfereutial  velocity  in  feet  per 
second. 

<?j  =  the  angular  velocity,  or  revolutions. per  second. 
/=  the  centrifugal  force  in  pounds. 
r=:the  radius  of  gyration  of  the  revolving  bodjr,  infe.et. 

Jlitleit  for  Centrifugal' Force  m  of  CireiiMferentiaf 

'     '  VeUmty^  •  . 

EULE  1. — To  find  the  centrifugal  force,  given  the  weight, 
the  linear  velocity,  and  the  radius  of  gyration.  Multiply  the 
weight  by  the  square  of  the  linear  velocity,  and  divide  by 
3^*2.  times  the,  f^liusp^. gyration,    Qr,.'.      '^    ;   .  :    :  • 

t        »  *'  •  •^^SS^f  *       •»    •  •     •     •  ^"^^^ 

..  •      ^  It,  ■  *'  '  • 

Rule  2. — To  find  the  linear  vclocify,  when  the  weight,  the 
centrifugal  force,  and  the  radius  of  gyration  are  given.  Mul- 
tiply th.e  centrifugal  force  by  the  radius  of  gyration,  and  by 
82'2,  and  divide  by  the  weight ;  take  the  squaj;e  root  of  the 
quotient.    Or,  ••     "  '  .""       •  .  "I 


Bulb  3. — ^To  'find  the  weighty  when  the  centrifugal  force, 
the  linear  velocity,  and  the  radius  of  gyration  are  given. 
Multiply  the  centrifugal  force  by  the  radius  of  gyration,  and 
by  32'2,  and  divide  by  the  square  of  the  velocity.  Or, 

32*2//* 

iv=  ....  (55) 

Rule  4. — To  find  the  radmn  of  f/i/ ration^  when  the 'weight, 
the  linear  velocity,  and  the  centrifugal  force  are  given.  Mul- 
tiply the  weight  by 't^e  sanare  of  the  velodtty,  and  divide* by 
the  centrifu^  force,  and  by'^'2.  Or,  •  -  • 


-     .     -        -  * 


Mutes  fifr  Centrifugal  Ihree  in  iehitn  of  Angnlaf  Vetoelty, 

The  linear  velocity  v  is  equal  to  the  angular  velocity,  %\,  mul- 
tiplied by  the  radius  oi  gyration  and  by  6*2832  (twice  31416). 
Or, 

r:rtr>*2Sa2r^r  (57) 
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By  substitution,  in  equation  (53),  and  reduction,  formula  (J>^) 
is  produced. 

BULE  5. — To  find  the  cc!)trlfu(i<il  forcc^  when  the  weight, 
the  angular  velocity,  and  the  radius  of  gyration  are  given. 
Multiply  the  weight  by  the  square  of  the  angu^r  velocity  and 
by  the  radius  of  gyration,  and  by  1*226.    Or,  " 

.  f^'^*%2%m^H'  V  :  .  '  v  M..     .  (58) 

Rule  6. — To  find  t]i>e  anfjnlarx^eloclf  fj^  when  the  weight,  the 
centrifugal  force,  and  the  radius  of  gyration  are  given.  Mul- 
tiply the  weight  by  the  radius  of  gyration,  and  by  l-22(;  : 
divide  the  centrifugal  force  by. the  product  so  produced  ;  and 
take  the  square  root  of  the  quj>tient.  Or, 

EuLE  7. — To  find  the  iccighf,  when  the  centilfugal  force, 

the  angular  velocity,  and  the  radius  of  gyration  are  given. 

Multiply  the  square  of  the  angular  velocity  by  the  radius  of 

gyration,  and  by  1-226  ;  divide  the  centrifugal  by  the  product. 
Or  •  '    .•  'v  ....  \  '  '     \\*      •  .1     '  ?  \\ 

Rule  8. — To  find  fhr  radhiA  of  gyration,  when  -the  weight, 
the  angular  velocity,  and  the  centrifugal  force  are  given. 
Multiply  the  weight  by  the  square  of  the  angular  velocity, 
and  by  1*226  ;  and  divide  the  centrifugal  force  by  the  product. 
Or,      ,   '  .  •    .       .    '  •         '  "li* 

'    '       *   •/  r^^-^-—  ,  \     .  ' 

'       l-22««V  ' 
Work. 

The  English  unit  of  work  is  one  foot-pound.  .     »  * 

The  French  unit  is  one  kilogrammetre.  * 

One  kilogrammetre  is  equal  to  7*233  foot-pounds. 

One  foot-pound  is  equal  to  '1382  kilogrammetre. 

One  hoi"se-power  is  equal  to  work  done  at  the  I'ate  of  33,000 
pounds  lifted  one  foot  high,  or  33,000  foot-pounds,  per  minute  : 
or  to  ooO  foot-pounds  per  second;  or  to  (33,000  x  60  =  )l,9OO,0O0 
foot-pounds  per  hour — nearly  2  millions. 

One  cheval-vapeur,  or  cheval  (French  horse-power)  is  eq^ual 
to  76  kilogrammetres,  or  542*5  foot-pounds,  per  secoud. 
*  One  cheval  ia  equal  to  *9663  horsepower. 

One  horse-power  is  equal  to  1*0139  chevaux. 
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One  kilogramme  per.  cheval  is  equal  U>  2'2;}5  pquuds  per 
boTse-power. 

One  pound  per  horse-power  ia  equal  to  '447  kilogramme  per 
cheval. 

•  Tf  the  work  of  a  horse-power,  expressed  in  foot-pounds,  bn 
divided  by  772,  the  quotient  is  tlie  equivalent  expression  of 
horse- power  ia  beat-units ;  .or,  (3ii,000  ^  772=)42|  heat-<unttB 
per  minute. 

The  work,  known  also  as  r/.v  rirn,  done  by  i^ravity  on  a  fall- 
ing body  is  equal  to  the  weiglit  of  the  body  multiplied  by  the 
height  of  the  fall :  the  evidence  of  which  is  the  velocity  of 
motion  ac(|uired  by  the  body. 

The  quantity  of  work  stored  in  a  body  in  motion  is  ecjual  to 
the  work  which  would  be  accumulated  in  it  by  gravity  in  fall- 
ing from  such  a  height  as  would  sulhce  to  generate  the  same 
velocity  of  motion.  Conserjuently,  the  formulas  pro|)er  for  the 
action  of  gravity  are  applicable  for  calculations  alfecuin^  bodies 
in  motion,  and  the  product  of  the  height  due  to  the  velocity  l)y 
the  weight  of  the  body,  is  expressive  of  the  work  stored  in  the 
body. 

The  height  due  to  the  velocity  is  etiual  to  the  square  of  the 
velocity  divided  by  64*4,  according  to  formula  (33),  page  431, 
and  as  tabulated,  page  434,  and 

i'    .  «4-4  , 

'  or  IT  =  wxJ(  :      . '     .      .  . 

I 

U  =  the  work  accumulated  in  thejDody,  in  fo<>t-|)Ouud8. 
fOssthe  weight  of  the  body  in  pounds, 
f«=the  velocity  of  the  body  in  feet  per  second.  • 
=  the  angular  Telocity  of  a  revolving  body^  in  revolutions 
per  second. 

rj^—the  same  in  revolutions  per  minute. 
/A  =  the  height  due  to  the  velocity,  in  feet. 
7*  =5  the  radius  of  gyration,  in  feet* 

Rule  1. — To  find  the  icork  i<torrd  in  a  moving  body,  given 
the  weight  of  the  ijody  and  the  velocity.  M  ultipl}' the  weight 
of  the  body  by  thesc^uare  of , the  velocity,  and  divide  by  64'4« 

■ 

BUJfE  2. — To  find  the  toorh  stored  in  a  moving  body,  given 
the  weight  of  the  body,  and  the  height  due  to  the  velocity. 
Multiply  the  weight  by  the' height. 

The  work  stored  in  a  revolving  bod^  is  calculated  by  either 
of  the  above  rules,  when  linear  velocity  is  given.  But  when 
the  angular  velocity  is  given,  the  equivalent  to  the  linear 
velocity  is  found  by  substituting  the  expression  6*2832r,  / ^ 
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already  deduced,  page  480,  for  v  in  the  fomula  (1),  and  re- 
ducing, thus : — 

n=-fil3«w,«r«  .      -      1      .   .  (64) 

Bt7LE  3. — To  find  the  tvorh  ittored  hi  B,  revolving  body,  given 
the  weight  of  the  body,  the  angular  velocity  in  revolutions  per 
second,  and  the  radius  of  gyration.  Multiply  the  weight  by  the 
square  of  the  angular  volocitj,  and  by  the  square  of  theradins 
of  gyration,  and  by  'GIS. 

When  the  angular  velocity  is  given  as  the  number  of  revo- 
lutions per  minute,  it  is  either  to  be  divided  by  60,  before 
being  brought  into  calculation,  in  accordance  with  the  fore^ 

going  rule.;  or  the  expression  .       y   is  to  be  substituted 

60 

for  t  in  the  f  ormnla  (1),  when  the  expression  becomes, 

U  = .  X  {  ]  or  Tedticing  i — 

U=-00017ttir„«i-«     .      .      .      .  (63) 


or  U=  !f!r2JLi*:  (66) 

5868  •       •  . 

Rule  4. — To  find  the  work  xtored  in  a  retolving  body,  given 
the  weight  of  the  body,  the  angular  velocity  in  revolutions  per 
minute,  and  the  radius  of  gyration.  Multiply  the  weight  by 
the  square  of  the  angular  velocity,  by  the  square  of  the  radius 
of  gyration,  and  by  "OOOIT. 

Rule  5. — For  the  fame  purpose,  proceed  as  in  rule  4,  exoept 
to  divide  by  5868,  instead  of  multiplying  by  *00017, 

The  work  (lone  by  percussive  force  is  simply  measurable  by 

the  product  of  the  weight  of  the  colliding  mass,  and  the  height 
due  to  the  velocity  of  the  moment  of  impact  plus  the  space 
moved  throngh  by  the  colliding  mass  after  striking.  Suppos- 
ing that  the  blow  be  delivered  fairly,  without  causing  vibra- 
tory action,  the  work  of  resistance  is  equal  to  the  work  of 
impnct.  Tn  the  drivin,*^  of  a  wcdiro,  for  instnnce,  the  product 
of  the  advance  of  the  wedge  by  iho  resi.'^tance,  cohesive  and 
frictional,  is  equal  to  the  work  stored  ifi  the  striking  body.  In 
the  driving  of  a  pile,  similarly,  the  product  of  the  frictionnl 
resietanoe  by  the  advance  of  the  pile  under  the  blow  of  a  ram 
is  ecpial  to  the  work  stored  in  the  ram.  Of  course,  the  stored 
work  may  to  some  extent  be  dissipated  in  vibratory  action, 
leaving  but  a  part  of  the  stored  work  for  useful  pei-forraance. 
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Driving  Belts. 

The  nitimaie  tensile  strength  of  leather  belts  of  aood 
quality,  about  { inch  tiuek,  is  about  1,000  pounds  per  inA  of 
width.  That  it  ordinary  belts  is  about  750  pounds  per  ibdi 
of  width.  At  lacecl  junctions  of  ends  of  belts,  the  ultimate 
tensile  strength  is  only  about  200  pounds  per  inch  of  width. 
Taking  Briggs  and  Towne's  data,  and  assuming  one-thir^  of 
-200  pounds,  or  66}  pounds  per  inch  wide,  as  the  maicinium 
Worlang  stress,  the  Table  232  giyes  the  driving  power  of 
leather  belts. 

Table  2.S2. — Driving  Powf:R  nv  Leather  Belts, 

•22  INCH  THICK. 

  (Clark's  ManuaL\ 


Arcs  of 
Con- 
tact. 


Maxim  nn: 
Working* 
Stress 
trans- 
mitted 
per  Inch 
WWe. 


Power  transmitted  per  In<*li 
Wide. 


Foot^ile'r        Per  Foot  of 

•  Diameter  of  Pnll.  v 
and  i>or  Tiini 


Degrees. 

Founds. 

H.  P. 

H.  P.  1 

•^t.-lbs. 

90 

82:^8 

•051)  ' 

'  -00808 

102 

100 

34-80 

•of;8 

•00881  . 

109 

110 

87-07 

•0«7 

•00853  1 

116 

120 

81)18 

•071  . 

•00373  i 

123 

185 

•07«  - 

•00400  : 

182 

J  50 

44-(;4 

•081 

•00425 

140 

180 

4901 

•089 

•00467  ! 

154 

210 

52-52 

•095 

•00500  i 

165 

240 

m-m 

■  -100 

•00527 

174 

270  ! 

57-58 

•105    i  ^00548 

1  4 

181 

Sum  of 

the 
Tensions 
on  both 

Sides  of 
a  Belt 

per  Inch 
Wide. 


Founds. 

iniMio 

98:)8 

i)r>-2r, 

94-15 
91-27 
88^69 
84-32 
80^81 
78^00 
75^75 


Residtant 
PreBsdr(( 
on  tlio 
Journals 
per  Inch 
Width  of 
BeltL 


Pounds. 
71-42 
75-47 
78-85 
81-58 

84-  82 

85-  IJ7 
84-32 
78-05 
67-59 
58^56 


The  Table  288  of  the  horse-power  oi:  belting ir  ealculatod  tor 
pulleys  of  n early  ecjual  diametei-s,  or  which  are  well  apart, 
allowing  the  belt  to  lap  half  round  the  srualler  i)ulley. 

Where  the  arc  of  contact  is  sensibly  less  than  a  semicircle, 
the  tabular  power  transmitted  is  to  be  reduced  in  the  same 
pro]K)rtion. 

The  Table  288  is  based  on  an  allowance  of  800  feet  per 
minute  travel  of  belting  1  inch  width  per  horse-powder ; 
equivalent  to  about  41  pounds  tension  per  1  inch  width  of 
belt.         •  •  — - 
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!  .  .   Bides  for  Speed  of  Belt-Pulleye. 

•  ^  To  find  the  dia^.ter  of  the  driving  pulley.  Multiply  the 
Biameter  of  the  driven  pulley  by  the  speed,  or  the  number  of 
involutions  it  is  to  make  per  minute,  and  divide  the  proctuct 
by  the  revolutions  of  the  driving  pulley  per  minute,  the 

j[luotieiit  is  the  diameter.of  the  driller, 

j  To  find  the  diameter  of  the  driven  pulley.  Multiply  the 
aiameter  of  the  driving  pulley  by  its  speed,  and  divide  the 
broduct  by  the  speed  of  the  driven  pulu^;  llie  quotienjb  is 
the  diameter  of  the  driven  pulley. 

To  find  the  speed  of  the  driven  pulley.  Multiply  the 
diameter  of  the  driving  pulley  by  its  speed ;  and  divide  the 
product  by  the  diameter  of  t  he  driven  puUey.  The  quotient 
}s  the  speed  of  the  driven  pulley. 

J  Weight  of  Belt-Pulleys  (Clark's  2lamal). 

J  Pulleys  of  from  1  foot  to  4  feet  iu  diameter,  turned  and 

finished  ;  Midland  district : — 

W=7^?-l-75  .      .      .      .  (1) 
Wssweight  of  pulley  in  pounds  per  inch  wide. 
~  f^sdlameter.infeet. 
'  This  formula  is  probably  applicable  for  pulleys  of  from 
!lO  inches  to  10  feet  in  diameter. 

Pulleys  of  from  1  foot-  to  7  feet  in  diameter,  turned  imd 
finished London  district : — 
Not  exceeding  2  feet  in  diameter  W = 3<7«  -  -6251!? + 2-76  (2) 
2  feet  and  upwards         „        W=ll-626i£-.9-25  (3) 

Table  23i. — Weight  of  Round  Wrought-Iron  » 

Shafting. 
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Inches. 
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6i 
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7i 
8 
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9 
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lU 
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79*2 

■  m'{\ 

94-2 
111  1 
128 
.147 
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18d. 
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Diameter  ^"'^l'^ 
of      I  1 

Shaft,  i  V"'? 

Foot. 


Inches. 
11 
12 
13 
14 
15 
16 
17 

19 
20* 


rounds. 
317 
377 
3D8 
4f>2 
5B0 
670 

m 

848 

9(15 
1040 


y.j^r  —To  And  th3  weij^ht  ufHbeel  :ihaftiu^,  multiply  the  tabular  values 
by  102. 
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Horse-Power  of  Shafting. 
The  Xable  23a  ia  oalciilated  by  means  of  the  formila  >-* 

HP=~-^      ....  (4) 

* 

I(P=borse-powcr. 

diameter  of  shaft  in  inches. 
^ssaoBed  in  turns  per  nunute. 

Toothed  Wheels. 

The  Table  23<)  of  the  diivrng  power  of  toothed  wheels  ia 
based  on,  .the  formula  ; — 

m=pJLt_^^.    ...  (5) 

HP  — hurse- power  transmitted. 
/7  =  pitch  in  inches. 
/    width  of  face  of  teeth,  in  inches. 
'  r/  =  diameter  oL"  wliecl,  in  iucheij. 

f  =  turns  per  minute. 

By  this  formula  a  })ressure  of  about  150  pounds  is  exerted 
on  the  teeth  of  a  wheel  of  1  inch  pitch  and  1  iuch  face  \  with 
a  proportionate  stress  on  teeth  of  other  pitches. 

I  Weight  of.0a8t-Xron  Spur-Wheels  of  from  1  inoh  to  6  inches 
]  Pitch  (Clark's  Manual). 

Ajpplicablc  for  diami'tem  vj)  to  20/ect, 

,   ^  W  =  CO5-h-08/O7x(l-i--10r/)       .       .  (6) 

W  =  weight  of  wheel  per  inch  of  face,  in  cwts. 
<j= diameter  in  feet, 
pitch  in  inches. 

Weight  of  Cast-iron  Spnr-Wheels  of  Pitches  less  than  1  inch. 

Pitch. 

Ij  W=UU36^+-023oii«  .      ...  (7) 

-  J    W=-069rf+0345(««      ....  CS) 

I     W='080rf  +  -Q530(i»   ....  (9) 

'  .Mortise  WheeU  are  of  the  same  weight  aa  spar-whedii  of 

iqual  diameter. 

Bevil  W/iettls  and  Mi'rc  WhocXs  weigh  from  two^thirds  to 
three-fourths  of  spur-wheels  for  the  larger  diameters,  to  aboat 
»e?en-eighth8  for  the  smaller  diameters. 
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rriction- Wheel  Gearing.  | 

The  grooves  of.  friction- wheels  are  of  V  shape,  formiij^  the 

angle  60  degrees ;  usaally  at  f-inch  pit<Si.*  Compare(J  with 

lesi^her  helts,  frictional  gearing,  worxed  under  a_  pressore 

eqhal  to  the  tension  of  the  belts,  has  been  proved  toj  have 

greater  adhesive  force  :  30  per  cent,  more,  in  one  case.  | 

• 

•  -      ■  ! 
Transmissioa  of  Power  (J.  Bagshaw  &  6oas).  ' 

•  i 

Belting, — To  find  the  horsr-power  whwh  can  he  tramhitted 
hy  single  leaf  Jut  bdts. — Multiply  the  breadth  of  belt  in  fnchcs 
by-  70,  and  by  the-speed  of  belt  in  feet  per  minute ;  ftnd  IliTide 
by:  33,000.  The  quotient  is  the  horse-power.  ' 

Pouble  belts  transmit  1^  times  as  much  power  as  single 
belts. 

*  To  find  the  width  of  nnaU  belt  for  tranmAtting  a  given 

MQltiply  the  ncttse-power  by  38,000,  and  oiTide 
by  70  times  the  speed  of  ther  belt  in  feet  p^  minute*.  The' 
qxioteoii^  IS  tbo" wftdtih  e^ belt  ifr^nehes?  mmmm>mm^ 

These  rules  are  sufficiently  approximate  where  there:  is  no 
grtat  degree  of  inequality  in  the  diameters  of  the  pulleyb. 

BhAFTING. —  To  find  the  horsp-j)flwrr  tvJnrk  can  he  ti-n/js^ 
viitted  hy  a  wroufjht  iron  shaft. — Multiply  the  cube  of  the 
diameter  of  the  shaft  in  inches  by  the  number  of  revolutions 
per  minute,  and  divide  by  80.  The  quotient  is  the  ihorse^ 
power.  *  v  I 

iTo  find  the  diameter  of  a  wroiight  iron  shaft  required  fn 
trammit  a  given  horse-jioiver. — Multiply  the  horse-power  by 
80,  and  divide'By  the  number  of  revolutions  per  minute.  The 
cube  root  of  the  quotient  is  the  diameter  in  inches.  * 

Hopes. — To  find  the  horse-power  that  can  he  transmitted  hy 
ropes. — Multiply  the  sectional  area  of  one  rope  in  square 
inches  by  lOU  times  the  speed  of  the  rope  in  feet  per  minute, 
arid  divide,  by  33,000,  The  quotient  la  the  hoi-sc-pDMjer  for 
oue  rope.     '  ' '  -  ! 

Or,  multiply  the  sectional  area  of  one  rope  byitheispeed, 
atfl  divide  by  330.  .  •  I 

^Toothed  Wheels.— •T'f?  find  the  ho^jfe-power  tJiat  \an  he 
trknsMitted  hy  toothed  lO^el*,— Multiply  the  velocity  k)f  the 
piich*line  in  feet  per  second  by  the  breadth  of  the  tdeth  in 
inphes,  and  by  the  square  of  the  pitch  in  inches,  andjdivide 
bjjl  5^,  The  jqqotient  ia.  the  horse-power.  1 
jFor  bevel  wheels,  the  mean  diameternupd  mean  pitchjare  to 
b^  taken*  -  —  I 

uiyiu^-Cu  Ly  Google' 


BV  HEMP  ROPK8,  &C. 


451 


TRAHBKISBION  OF  XaXIVS  FOWBB  TO  OBSAT 

BISTijrOXS. 


TranamisaioiL  by  Homp  Bope0. 

For  the  driyin^  gear  of  large  steam,  eogiaes,  hemp  ropea  are 
much  employed  to  takeoff  the  powev  from  the  eiicamferenoei 
of  the  fly* wheels  which. is  gcoo^ed.  The  tenaion  on  the  ropes 
iS'  usually  about  lOOlh.  per  square  inch  o£^eotion•  The  usual 
!q>eodia8  from  4,5(M)  to  5,500  feet  per  xoinate. 


TABLii  238. — H04iSE-P()WER  UY  MANILLA  BOPfiS. 
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Transmission  of  Motive  Power  by  Wire-Rope. 

In  one  Ccosc,  pow^M-  was  trausniitted  from  a  water-wheel 
throu<j:h  a  horizontal  distance  of  400  feet  bv  means  of  an  iron 
wirc-rope  'iSB  inch  in  diameter,  which  passed  over  two  eTooved 
cast-ii'on  ])ulleys  (>-5(j  foet  in  diameter,  lined  in  tlie  groove  witli 
compressed  and  tarred  leather.  The  rope  was  formed  of  a  cen- 
tral ply  of  l^oiogfta  hemp,  tarml,  around  which  were  twisted 
six  strands,  each  of  eight  iron  wires,^  inch  thick,  on  a  core  of 
tarred  hemp.  The  sp(;ed  was  brought  u\)  by  toothed  ircariiig 
in  two  stages,  so  that  the  motor  palley  made  Ii)  ()4  tuius  for 
one  of  the  water-wheel,  b'or  a  speed  of  '.w;  turns  per  minute  of 
the  first  intermediatxi  shaft,  the  motor-pulley  makes  I45  S5 
turns,  and  the  speed  of  its  periphery  is*  50  feet  per  second,  oj* 
8000  feet  pec  minute.  At  this .  speed,  the  loss  by  fractional 
resistance  of  the  gearing  and  rope  was  6*82  per  cent. 

TranBxnission  of  Mptive  Poii^er  by  Compressed  Air. 

'  The  Paris  Obhipressed'  Air  Company  supi)ly  air  compressed 
by  steam  power,  of  '5  atano^pheres  pressure,  to  secondary 
engines  6f  t^o  types  :<^rotary^ngines  for  powers  up  to  about 

o  Q  2 
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TKANSMJSSU)N  OF  MOTIVE  POWER 


1  horse^power ;  attS  lar^  sls^d  motors,  u|^tiid4>IM3e-i7lltider 
engines  having  12-inch  ^yHndeis^  with  14-inch  stroke^ — 
oiSnaTy  steam-engines  employed  for  air.  The  secondary 
motor,  when  indkfiBHiiig  W  m>T$e-powerf  and  making  125reYO- 
lation^,  acoGsdtng' to- Professor  K^nedyv  usea  8d<>  cnbicifeet  of 
air  per  indioafeor  horae-power  per  hour.  *  A  small  motor  four 
miles  distant  from  the  centnd  station,  can  indicate,  im  round 
nnmliers,*  10-  horse^-power  for  20  horse-power  at  the  station^ 
allowing  for  the  value  of  the  coke  used  in  heating  the  air,  or 
for  25  horse-^wer,  if  the  air  be  not  heated  at  all :  making  in 
the  second  instance  an  effipiency  of  40  per  cent, 

Itansmitssion  of  Domestic  Motive  Power  by  Atmospherie 

Exhaustion. 

;  The  distribution  of  power  in  dwelling-bouses  in  Paris  is 
i(3tfected  bv  means  of  the  exhaustion  of  air  from  a  system  of 
pipes,  laid  in  tlie  sewers  for  the  most  part,  from  which  the 
power  is  su])plied  in  small  quantities  to  work  the  tools  or 
machines  employed,  in  small  industries.  A  vacuum,  averaging 
l>7  per  cent,  or  20  inches  of  mercuiy, — occasionally  reaching 
to  75  per  cent,  or  22J  inches — is  maintained  in  a  reservoir, 
49  inches  in  diameter,  11 J  feet  in  length,  serving  to  regulate 
tha  pressure  in  tl^  service  pipes.  These  ai  10  inches  an4 
B  inches  in  diameter,  from  tlue  pumping. station  to  the  seweri 
lind  8  inches  and  4  iitehes  in  the  sewer  or  trench.  Ther 
ponduits  do  not  exceed  from  1  mile  to  1}  mil^  in  length, 
Th£  secondary  motors  are  of  the  trunk  type^:  supplying 
littwem  of  from  ^^th.  to  1  bozse-powei..  .  ^  J. 

The  air-cyliaaer  i^lises  93  per.. cent  .x)f*  the  engine-power 
tian^mittedf  Of  this  the  exhaust  xnptors  utilise  a  maximum  of 
60  percent^;  the  loss  of  head  in  the  main  is  5  percent^ ;  lastly, 
the  air  yields  only  86  per  cenjt.  of  its  total  capacity  for  work* 
The  resulting  ooemcient  is  45  per  cent. ;  and  the  actual  work 
of  1  cubic  fpot  of  ^  is  1246  foot-pounds. 

Transmission  of  Motive  PoTiver  hy  Electricity. 

This  is  easily  eliecti'd,  wiiere  ihc  power  does  not  exceed  lU) 
horse-power,  nor  the  distance  1|  miles.  In  experiments  by 
M.  Fontaine,  the  dynamos  made  1,200  revolutions  per  minute. 
The  power  delivered  at  the  periphery  of  the  fly-wheel  of  the 
steam  engine  was  1)5  horse-powor ;  at  the  bj*eak,  50  horse- 
power; resistance  of  intermediate  conductors  Q  inch  copper 
wire,  77i  miles  long).  100  ohms  ;  (V.700  volts  at  origin  of  con- 
ducting line  :  intensity  of  current,  8  amperes  ;  ultimate 
efficiency,  .")2  ."j^  pea*  cent. 

In  an  experiment  at  the  Munich  Exhibition,  in  1882,  the 
generator  was  at  Miesbach,  and  the  electro-motor  in  the 
Exhibition  palacg,  35 J  miles  apart.    Th^  cpiiductyji"  was  a 
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double  line  of  iron  telegraph  wire,  4^  millimetres  in  diameter. 
The  machines  used  were  two  similar  Gramme  dynamos, 
series  wound.  The  resistance  of  each  was  470  ohms,  and  that 
of  the  line  950  ohms,  making  the  total  resistance  of  circuit, 
(950  +  (470  X  2))  =  1890  ohms. 

Geherator,  1611  revolutions  per  minute ;  electromotive 
force  =  i:i48  volts  ;  current  intensity = •519  amp^i*e. 

Motor,  752  rev61ntioiis  per' minute;  counter  electromotive 
forces 850  volts. 

^Theoretical  efficiency = ='<)3. 

-  ^    1348  " 

The  power  received  at  Muiiich  was  J  horse-powei* ;  and  the 
economical  efiiciency  was  about  25  per  cent. 

TABI4B.  239v-<^Resu]:»tb  of  TBiAiiSi. 


'   Piwt  Trial. 

ni>.     ji  — I  w-ii-U^ 


Generator.!  Receiver. 


Speed  in  revolutions  | 
per  minute  . '.    . ) 

Electromotive  force  j 
(direct^or  inverse).  > 
Voits ) 

Current   .  Amperes 

Work  in  magnetic  \ 
field  .       .    H.  P.  ) 

lUlectrical  work  in  ) 
armature      H.  P.  f 

Mechanical  work  ^ 
measured  in  trans-  j 
mission  dynamo-  / 
meter  and  at  | 
Prony  break,  H.  P. . 


190 

7-21 
9-20 

5.*Jo9 
62*  10 


248 

7-21 
3-75 

41-44 

35-80 


Second  Trial. 

I  II       m    )        I  'III 


"li^iver. 


120 

M 

-5717 

7-20 
10-30 

55-90 


GlOO 


277 

,  44ilil. 

7-20 
3'80 

43-40  , 


40-00 


(* 


Efficiencv. 


First  Tri&l.    ,  B^cottd  Trial. 


Electric    .      .  . 
Mechanical  (commercial)    .   . ' 


Fer  Cent.  Per  Cent. 

77-0  78-0 

47-7  I  53-4 

II  iiMiii  n  i  ih  HI  I       I  i 


See  also  Hydvamho  TimimUnim  af  Mfitite  Pomt,  pottt,  p.  5P4 
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SEAT* 

The  British  unit  of  heat,  or  thermal  unit,  is  that  which  can 
raise  the  temperatui-e  of  one  pound  of  water  1  degree  Fahren- 
heit, at  or. near  Sd^'I^^if.,  the^texaper&tju:^  of  ixiaiximuni  ^ea^tj 
of  water.  • 

The  French  tbeimal  unit,  or  etdarief  is.  that  which  can 
raise  the  temperatare  of  one  kilp^ramme  of  watet,  I  dl^^ree 
centigrade,  at  or  about  4**  C.  (=39*1  F.). 

1  calorie,  or  IPrencli  unit  et  h^eat,  ii^  equal  to  ,8'9.66  British 
heat-units.  •  -     . '  • 

1  British  heat-unit  is  e<inal  to  -252  calorie/" 

The  mechanical  equivalent  of  one  British  heat-unit  (Joule's 
equivalent)  is  772  foot-pouuds,  or  10*67  kilogrammetres. 

The  mechanical  equivalent  of  one  French  heat-unit  is  425^ 
kilogrammetres,  or  H074  foot-pounds.  If  calculated  in  terms* 
of  Joule's  equivalent,  the  value  would  be  423*55  kilogram-] 
metres,  or  3063*5  foot-pounds.  <••;'.  f 

1  calorie  per  square  metre  is  equal  to  *369  hea&nnit  per! 
square  foot,  ^  v  '    .    -  t 

1  ^heat-unit  per  square  foot  is  equal  to  2*713  cklbries  per! 
square  metre.  '  -  'i  '  \ 

1  calorie  per  kilogramme  is  equal  to .  1 -800  htiat-um.ts  perj 
pound.  *  ,*''". 

1  beat -unit  per  pound  is  equal  to  '556  calope  per  kilg-; 
gramme.         '     ^  •  ;     ,  .  ;  • 

nLexmometers.  . 

'  '  Proezhig  PoUit.'''BoiKTig'PoWt. 
Fahrenheit  thermometer  32°  21*2  ■ 

Centigrade         „  0**    •      .  100°    *  j 

fUaomur  .       *  - 

1  degree  Fahr.=|  Centigr.  degi-ee;  or  |  R^umur  degree,  t 
1  degree  Centigr. =|  Fahr.  degree  ;  or  }  R^umur  degree.  ] 
1  degree  R^aumurs={  Fahr.  degree  ;  or  {  Centigr.  degree.  { 

Representing  the  thermometric  scales  by  their  initials. 

Equivalent  temperature  by  the  Q9^^5  n  ' 

Centigrade  sc^e  j  ^'7^  K'  •  ^  't^-  - 

'  do.    ^by-tlie  -IMamar-seale^  — Bi  -  ^  (F, « ■  82)  m.  g  Or-  -~  ' 
do.    '  hj  the  Fahrenheit  sefOa  k  J*«e:;|  0.  &  4*32.  - 

uiyui^-ca  Ly  Google 
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Table  240.  -Thebmometers  :  Fahrenheit  a^^d  Centi- 


txRADE 

* 

j 

1 

Fuhr. 

Centigr  J 
1 

Fahr. 

Centigr. 

Fahr. 

Centigr, 

Fahr. 

Centigr. 

O  ( 

d  * 

••k  • 
o 

o 

o 

*    o  * 

^  1 
o 

05f  ♦ 

110 

4334 

151 

OH  11  ' 

:20 

-*6-67 

7iMl  * 
<l1vtt7  f 

111 

43*00? 

•m 

25 

*  f-x  ' 

112 

44-45* 

1 5S 

30 

1.1 

ait|,AQ  ' 

113  i 

^S-OO; 

154 

0/*To 

32 

u  uu 

114  J 

45-56. 

155 

33 

<lft«tt  J.  t 

111S  ' 

46-11  ; 

156^ 

a4 

u 

1161 

48:-67* 

18T 

35 

1  D  1  1 

'  to 

iir 

47'23 

16» 

7A*Ul) 

3G 

» .  77 
'•II 

im. 

47'78' 

16» 

/U  on  j 

37 

£i  i  o  \ 

7ft 

j6f)  no  . 

lH)t 

48'84  • 

180 

M  xl 

38 

O  t>T  ; 

70 

120 

48'90 

161 

71  •f?7  < 
1 1  O  /  , 

39 

o  yu 

oU 

Zl)  ')  1 

121 

49'45 

1G2 

iZ  Jio 

40 

+  *o 

oi 

122 

50-00 

163 

70. 7u 

t  Z  i  cS 

41 

o  uu 

■ 

123 

50-5i; 

1(54 

70. 01  ' 

42 

oO 

124 

51-11 

1()5 

/  n  yu 

43 

oil 

Ml 

4&0  oy 

125 

5i-(;7 

106 

44 

0  o/  . 

1 2r; 

52-23 

107 

<  0  UU 

45 

7.0Q  : 

i)U  UU 

127 

52-78 

1()8 

7X».*;it 
<  0  Ol> 

46 

7«7Q 

128 

53-34 

1G9 

f  0  1 1 

47 

o  o-t 

tin 

•  >  I  11 

129 

53-90 

170 

4S 

WO 

«)  1  o  / 

130 

54-45 

171 

77«9*-^ 

/   /  Zif 

,nl 

J31 

55-00 

172 

50 

lU  UU 

»"l 

132 

00 

173 

7ft ''^  1 
to  O  f 

51 

lU  •>') 

09 

133 

50-11 

174 

7ft*Oi  k 
1  c5  ify' 

52 

11*1 1 

11  11 

4  to 

,'it 

134 

5(i-(r7 

175 

70'l''i 

53 

1  1  < 

Ol 

135 

57-23 

17G 

MO'<  W ) 

uU  Uv/ 

54 

1  £t  £t%J 

0^ 

«>»>  V/w 

13(5 

57-78 

177 

OU  Ol> 

o*i 

137 

58-34 

178 

0 1  11 

5(i 

1  J. 

07 

Uil*  1  1 

Ol)  11 

138 

58-90 

179 

«?  I  0  < 

1  '-i'Ua 

1  •>  »fU 

Ok 

139-^ 

59-45 

180 

U9'9*-i 

5.S 

1  J.-!'*; 

i  X  Ti) 

00 

it  i  Ziy 

140 

(iO-00 

IM 

W9«7W 

1  iJ  \  JU 

1  ( ki  t 

I'/U 

•>  7 . 7  s: 

141 

()0-5<; 

182 

00  O-t 

1  TrVtX) 

1  til 

1  Ul 

no 

142 

«M1 

183 

00  yu 

HI 

1 1)  1 1 

1  lio 

•>«>  yu 

143 

G1-G7 

184 

u  ^ 

1  <t-it7 

l\)6 

•J (J.J  ~ 

144 

i;2-23 

185 

0.)  UU 

1  7 
I  i 

•tU  uu 

14o 

()2-/8 

18b 

00  Ol) 

'64 

17-78 

105 

40-5<; 

14(; 

(i3-34 

187 

86-11 

165 

18-34 

106 

4111 

147 

(>3-90 

188 

1  86-67 

•>6G 

18-89 

107 

41M>7 

148 

64-45 

189 

87-23 

67 

19-45 

10» 

42-23 

149 

G5-00 

190 

87-78 

m 

20-00 

109 

42-78 

150 

6o-56 

11)1 

1  88-34 
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Table  24i).— The7{M()Metkks  {cmtthived). 


i  Oenttin*. 

1 

1  _ 

o 

o 

o 

o 

o 

O 

o 

o  1 

192 

88-90 

222 

105-56 

810 

154-45 

460 

237-78  I 

193 

89-45 

223 

106-11 

315 

157-23 

465 

240-56  J 

104 

90-00 

224 

106-67 

820 

160-00 

470 

243-34  i 

195 

90-50 

^25 

107-28 

325 

162-78 

475 

246-11  J 

19<) 

1  iU-ll 

226 

107-78 

330 

165-56 

480 

248-90  J 

197 

9i-(;7 

227 

108-88  j 

335 

168-34. 

485 

251*67  i| 

198 

92-23 

228 

108-90 

340 

171-11 

490. 

254*45 1| 

199 

92-78 

229 

109-45 

346 

178-90: 

49t5 

257:23  ]| 

200 

93-34 

230 

110-00 

850 

176-67 

60!0 

260^00 1 

201 

98-90 , 

232 

liMJ 

355 

1W5 

505 

268*78 1 

20^ 

94-45 

284 

112-23  J 

360 

182:23 

268^56 1 

203 

95-00, 

236 

118^84 

866 

188:00 

268^41 

^04 

95'$6 

288 

114*45 

370 

187*78 

•420 

:271'.ll  1 

205 

96-U 

240 

115-56 

375 

190»56 

526 

27&-90 1 

2oe 

96-27 

242 

iimi 

380 

198'34 

680 

27&67 1 

207 

9Z-2S 

244 

117-78 

885 

isie-'ii 

585 

279^45  1 

208 

97-78 

24)6 

118-90 

'890 

19B>90 

1540 

282^28  1 

209 

98*34 

j48 

120H)0 

895. 

201*67 

:&45 

285*00  1 

210 

98*4»0 

%m 

121-il 

400 

204945 

<m 

287f  78  1 

211 

99*45 

255 

128*90 

40ft. 

207>28 

/86f» 

290^561 

212 

100:00 

126*67 

'410k 

214H)0 

!5fiO 

298^34  1 

218 

100:56 

.263 

129-45 

415 

21«"78 

296^11 1 

214 

lOMl 

270 

182*23 

420 

215-66 

.^7<9 

298^90  1 

215 

101-G7 

275 

135-00 

425 

218-34 

575 

SOl-67  1 

2U> 

102-23 

280 

137-78 

480 

221-11 

580 

304-45  1 

217 

102-78 

285 

1 40-56 

435 

223-90 

1585  • 

307-23  1 

218 

103-34 

290 

143-84 

440 

226-67 

590 

810-00  1 

219 

103-<H) 

295 

146-11 

445 

229-45 

595 ' 

812-78  1 

220 

104-45 

300 

148-90 

450  1 

282-23 

600 

315^56  1 

221  . 

1 

1U5'UU 

805 

16i'67 

455.  j 

235^00 

«  ki  1  .  •  •  9 

Tabl^  24L^TB£lt]lbAEl 

rEBs:  CBlM^iattABis  'AjrD''  1 

\  1 

entigir. 

Dentigr. 

Fahr. 

(Tentlgr.' 

^  1 

vats,  1 

p 

o 

o 

o 

-  I 

b 

,  o 

■o<  1 

-10 

14-0 

3 

37-4 

46-4 

13; 

5i5'4  1 

— 5 

23-0 

4 

39-2 

9  ' 

48-2 

14: 

57*2  1 

320 

41-0 

10  1 

50-0 

15 

59^0  1 

+  1 

33-8 

6 

42-8 

11 

51-8 

.tl6> 

6U-8  1 

2  i 

35^$ 

44-6 

12  1 

53-6 

vl7., 

62*6  1 
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Tablk  241 Thrkmometers  (eontinmd). 


Cciitigr. 

Fahr.  ^ 

Centigr. 

J«'ahr. 

Centigr. 

Fahr. 

Centigr. 

Fahr.  ' 



b 

b 

o 

o 



o 

o 

o 

0 

IS 

64-4 

60 

140-0 

102 

215  6 

lo8 

316*4 

Uf 

66-2 

61 

141-8 

103 

217*4 

160 

320*0  1 

^0 

68*0 

62 

143-6 

104 

2l9"2  j 

162 

323*6 

21 

69-8  i 

63 

145-4 

105 

221*0  ; 

164 

327*2 

22 

7P6 ; 

64 

147-2 

.106 

222*8 

1  Ota 

16o 

330*0 

28 

65 

149-0  , 

a'  .a  a 

lot 

224*6 

168 

o34*4 

24 

75-2 

150^  1 

108 

226*4 

170 

338%) 

25 

67: 

1S2-6 

109 

228*2 

172 

«i41  u 

2fi 

78-8 

li>4'4  ! 

110 

230*0 

174 

27 

69 

lfl6*2 

111 

231*8 

1  /O 

o4o  o  . 

28 

7^ 

112 

238*0 

1  HQ- 

17o 

o52  4 

20 

»  71 

'159*8 

113 

235*4 

1  OA 

loO 

Oi)o-0 

30 

86-0 

72. 

161^6 

114 

237-2 

182 

.ii)9  M) 

31 

87-8 

73 

163-4 

115 

2o9-0 

184 

o<>o  2 

^ 

74  • 

1^2 

114 

240*8 

186 

rtb6"K 

33 

91-4 

^ 

167-0 

117 

242-6 

1«^8 

O  T/  k.  1 

O/0-4 

34 

93-2 

76 

168-8 

118 

244-4 

190 

o/4() 

35 

95-0 

77 

170-6 

119 

246-2 

1  \)l 

3H 

96-8 

78 

172-4 

120 

248*0 

1 94 

o81  2 

37 

1  98-6 

79 

174-2 

121 

249*8 

19(> 

o84-8 

88 

100-4 

80 

176-0 

122 

2ol  0 

1  <kO 

o8o  4 

39 

102-2 

81 

17/-8 

123 

2;)3-4 

200 

*)  rk<)./  k 

o92  0 

40 

104-0 

82 

179-6 

124 

2;);)-2 

202 

41 

105-8 

83 

181-4 

125 

2;)7*0 

204 

399-2 

42 

107-() 

84 

183-2 

126 

2o8-8 

206 

402*8 

43 

109-4 

85 

185-0 

127 

21)0*6 

208 

40i>-4 

44 

111-2 

86.  , 

186-8 

128 

2()2-4 

210 

410*0 

45 

113-0 

18S;-6 

129 

264*2 

V  1  / 

41.) '6 

46 

114-8 

88 

190-4 

130 

2()b*0 

214 

41  i  2 

47 

116-6 

89 

192-2 

182 

269'6 

216 

420*8 

48 

118-4 

90 

194-0 

134 

273*2 

k't  1  o 

218 

424*4 

49 

120-2 

91 

195-8 

136 

2/ 1)-8 

220 

428*0 

50 

122-0 

92 

197-6 

138 

280' 4 

222 

4ol-6 

51 

123-8 

93 

199-4 

140 

284-0 

4oo*2 

52 

125-6 

94- 

201-2 

142 

28r(> 

226 

4.38*8 

53 

127-4 

95 

21)3-0 

144 

291*2 

22S 

4  4  O  .  1 

442-4 

54 

129-2 

96 

204-8 

146 

294*8 

230 

446*0 

55 

181-0 

206-() 

148 

29>  4 

2o2 

■149  1) 

56 

182-8 

98 

208-4 

150 

302-0 

234 

458-2 

57 

184-6 

99 

210-2 

152 

305*6 

236 

456-8 

58 

136-4 

J  00 

212-0 

154 

309*2 

238 

460-4 

59 

138-2 

101 

213-8 

156  1 

312-8 

240 

464*0 

•  • 
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Table  241. — Thermometers  (/'ontinuccT). 


Centigr. 

Falir. 

- — ■  

Ceiitigi'. 

—  -  -  - 

Fahr. 

Centigr. 

- 

Falir. 

Centigr. 

Fahr.  . 

-  — 

_ 

*^ 

o 

o 

- 

o 

o 

o 

o 

o 

9<t9 

M  l*} 

909 

Qn9 

0  #  O  0 

1  71  .9 

9i;  J 

n  7 . 9 

90  J 

r.  1 Q  .9 

c>U4 

0  1  If  Z  . 

4  I  4  o 

zbu 

-  1  A,  (J 

Job 

o4n  o 

x.Qi>.g  ( 
OoJ  o  ^ 

91Q 

4  1  o  4 

X  1  1  .  1 

9QQ 
iiOO  , 

Oi>U  4  , 

OoO  4 

40ii  U 

0U4M.' 

oyu 

252 

485  •(> 

272 

r)2i-(i  j 

202; 

»'  »  m  /• 

812 

593*r>  \ 

2i)4 

489*2 

2<4 

525*2  1 

294 

n(U*2 

314 

o97*2  1 

250 

492-8 

27(i 

528*8  ■ 

290 

5»H*8 

ai(i 

000*8  i 

258 

40(;-4 

278 

532-4 

298  . 

5()8-4  : 

318 

004-4 

2r»o 

5U0-() 

280 

58()*0 

300 

572-0 

320 

008*0  ^ 

Table  242.— High  Temperatures  and  Corresponding 

Luminosity.   (Pouillet.)       .  \ 

1.  Tf:mpeuature  op  a  Fip.e.  t 


Ceutiyimle.  Fahrenheit. 


Xascent  red 

525 

0 

977 

Dark  red      .       .       .  . 

700 

1292 

Nascent  clieriy  red  . 

'  800 

1472 

Cherry  red   .       .       .  . 

.     • •  900 

1052 

Bright  clierry  rod 

1000 

1882 

Very  deep  orange 

1100 

2012 

Bright  orange  .  . 

1200 

2192 

White  

1800 

2872 

Dazzling  whit(; . 

1500 

2782 

IL.  Tempkuatukk  hv  Fir«i0N  of  .Metals,  c^c 

■ 

Silbstanre. 

1 

Tempe- 
rature. 

■ 

Metal. 

Tenjpc- 
rature. 

Motal. 

Tempe- 
ra turo. 

l^ihr. 

■ 

• 

Fahr. 

Fahr. 

Tallow 
Spermaceti 
Wax,  white 
Nulphur 
Tin       .  . 

0 

92 
1  120 
154 
289 
t  45.-) 

1 

Jiismuth  . 
Lead    .  . 
Zinc. 
Antimonv 

• 

lirass  .  . 

o 

51 S 
08O 
798 
820 
UmO 

♦ 

Silver,  pure 
Gold  coin  . 
Iron,  cast,  | 
med.  ) 
Steel  . 
Wrought  ) 
iron  1 

o 

1880 
2150 

2010 

25ijO 

2910 
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..         Badiation  H^at. 

The  heat  radiated  Ivom  iiteandesceiit  coal,  or  ooke  is  ez- 
^pressad  byah»  temula  8—  

;  •   R==144«^  (««-!)    .      .      .      .  (1) 

■ 

R  =  quantity  of  heat  radiated  per  square  foot  of  surface  p^* 
hour,  in  British  units.  '  ■ 

•     6  =  temperature  of  the  enclosure,  in  Fahrenheit  degrees. 
:     ^  =  excess  temperature  of  surface  of  hot  body  above  the 
'  temperature  of  the  enclosure,  d,in  i^'ahrenheit  degree^. 
tf=.poii8tant,  l*00i25.  -     ■  •  . 

-  According  to  the  iQrmula,  the  rate  of  radiation  increase  i« 
;a  mud)  more  rapid  ratio  than  the  excess  temperature^  whea 

the  ten^perature  of  the  enclosure  is  constant. 

The  heat  radiated  from  a  coal  or  a  coke>'pre,  is  estimated  tf 
be  aboiit  one-half  of  the  whole  heat  geaerated*  It  increasefe 
almost  as  fast  as  the  rate  of  Qombustion  o|  the.  fuel  per  l^ou^ 
per  square  foot. 


I 


Convection  of  Heat,  from  an  External  Siir£aei^(Hopk;in8)« 

burrouuclmtj  Medium...  .  ^    l  o 

Ur      .    L'     0=-284y^        .  V' 

[ydr(^en     :]      C='9827*       .      l>  -^-^ J^^-^  (8) 
Carbonic  acid : ,     C  =  -27*W  .  ^  (4) 

•  toleliant  gas  '  .  '     C  =-3817*       .      . '     .  •  (5) 

C  =  quantity  of  heat,  in  English  units,  conveyed  away  from 
,         a  solid  body  by  a  gas  external  to  it,  jier  s(^uare  foot 
of  surface  per  hour,  under  one  atmosphere  of  pres-? 

t  =  excess  temperature  of  surface  in  Fahrenheit  degrees. 

TABpE  243.— COMPABATm^  CONDUCTING  FOWEB  OF 

•  SoM  !)S. 


1       Sutwtance.  \f 

Ck)m]>arative 
Power. 

Brass . 

Copper   :     1, .  .  ! 
Gold  .      .    •  . 
Iron,  cast  /  .  . 

„  wrottgi.t  . 
Lead     .      .  . 
Marble 

Gold =1000. 
749 
892 

1000  . 
562 
374 
180 
24 

'"Gold  =  1000. 

Platinum     .   .  981 
Porcelain  ^      .  •  12 
Silver  .    ...  973 
Terra  Cortk     J  11 
Tin      .  •    .   .  f  304 
Zinc  ,      .  ,    .     '  3f53 
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Table  244.— CompabaI'IVE  Absobbing  or  Radiatdjg 
AND  Reflecting  Peopbbties  of  Sol.ii>s. 


t , . 


1 


Substance. 


ATiBorbing  or 
Badiatiiig 
Power. 


Reflecting 
Power 


Brass,  bright  polished 

dead  polished. 
C(jpper . 
Glass  *      :  •  . 
Gold  . 

X>06     •         •         •  • 

Iron,  cast,  polished 

„   wrought,  poli^bev) 
Marble     '  • 
Mercury  . 
Platinum,  polislied 
.  '  „  sheet 
Silverleaf  on  glass 
Silver,  polish^ 
Steel,  polished 
Tin  . 
Water  . 

Writing  paper  . 
Zihc,  t^olished 


» 1 


Proportion 

7  - 

90 
5 
85 
35  ' 
2S 
98  to  98 

28 
24 
17 
27 
3 
17 
15 
100 
98 
19 


t  l»  »  i      II      ,  4  XP*.  .11. 


Proportion 
per  Out 

93 

8i> 

93 

TO 

•  m 

16 

75 
77 

7  to  2 
77 
76 

73 

tl7 
SB 
B5 

0 

2 

m 


Condensation  of  Steam  in  bare  Pipes  exposed  to  Air. 

Tredgohl  found  that  steam  of  17^  lbs.  absolute  pressure  per 
square  was  condensed  in  cast-iron  pipes  in  a  room  at  60°  F.. 
at  the  rate  of  -852  pound  per  square  foot  of  exposed  surface 

per  ho]ir.;  or  '002^  povuid  per  decree  of  d^ffgiaiiice  oi  teiopera- 
ture. 

The  following  results  were  found  by  M.  Clement.  It  is 
here  assumed  that  the  steam  was  of  20  lbs.  absolute  prcssniv 
per  square  inch.    The  pipes  were  exppsed  in  a  room  at  77^  F. 


Bare  Surface. 

Cast-iron  pipe/  horizontal 
Blackened 
Copper 
Blackened 

 «      .  «  «E"S*»t 


n 


fi 


bteaui  Condensed ;PBr 
Square  Fout  per  mfac; 
.  •32iJ4b/ 

•8S9  _ 
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M.  Burtmt  found  that  for  steam  ot  22  lbs.  absolute  pressure, 
vith.  F.  difference  of  temperatui^,         IV).  was  con- 

lensed  per  square  foot  of  a  cast-iron  pipe,  nearly  horizontal, 
jer  hour. 

Dr.  William  Anderson  experimented  with  a  tubular  steam- 
beater,  of  2-mch  wrought-iron  tubes,  in  a  temperature  of 
5S)°  F..  w}ik  steam  of  51  lbs,  total  presiure  per  square  inch ; 
•785  lb.  was  <9ondensed  per  squai'e  foot  per  hour. 

The  foregoing  results  are  collected  in  the  following 
tablet : — 


.    ,       ^    '  Tem])era. 
Observer.  '  i 

ing  Air. 

1  1 

Diffbrence 
of  Tempe- 
rature. 

Steam  consumed  per 

Sqjoare  Foot  per 
Hour. 

Heat 

emitted 
per  1°  F. 
ditterence 

TotaL 

Per  V*  F. 

of  Tempe- 
nture. 

1 

1  Clement 
1  Tredgold.  . 
1  Burnat 
1  Anderson 

•  Falir. 

77 
60 
30-5 
59 

"  Falir. 
l.jl 
1()1 

223 

Pound. 
•328 
•352 
•581 
•785 

Pound. 

•00217 

•0022 

•0030 

•0035 

Units. 
207 

2-  10 
2^81 

3-  22 

From  tbe9e  data,  the  foUojvving  approximate  formulae  are 
deduced : —  : 

•  .  -  . 

Condensation  ^jf  steam  in  cast4r<m  ptpes^  in       per  g^iUbvA 
foot  of  iur/aoe  per  ^mr  at  ordinary  tentperaturejf 

,  .  -'12  (6) 

55000  ^ 

«  Heat  emitted  Jrm»  cast-iron  pipeih  '^^  ^i^t  P^^-  9(iita^e  foot 
offmsfaceper  kour^  at  ordinary  temperattt^res 

'      .      .      .      .  (7) 

Heat  emitted  from  caat'iroii  jf  'qws,  in  ah,  jyrr  xquarc  foot 
\     of  mrface  jMr  deg  ree  of  diffei'tnce  of  teiiiperaturc  of  steam 
and  air ^  per  li^uvy  at  oi'dinary  fei/tjjeratV'Tes, 

I       /vsquantity  of  steam  condensed  in  poumU**. 
//  =  quantity  of  he^t  emitted  in  units. 
]!t'=qaaDtit^  of  heat  emitted,  per  degree  of  difiterBnce  of 
temperature. 

^       tsdifferenoe  of  temperature,  in  Fahrenheit  d^gqsesi 

uvQui^CQ  Ly  Google 


The  latent  heat  of  steam  of  2'2  lbs.  total  pressure  pjr  squnr^ 
inch.  950  units  |>er  pound,  is  employed  as  the  lieat-factor, 
an  average  value. 

The  Table'  245  has  been  calculated  by  means  of  these 
formulas. 


Table  '  245:— Steak  cokbensbd  '  in  '  baiub  Gast-ibox 
Pipes  in*  Aib^  Aim  Heat  emitted,  At  oicdikabt 

TBMPEBAtlTBES.' 


bteatfu 

1 

DifTerence 
or  Kxcess 
01  lein- 

Steam  Condensed 
imr  Square  Foot 

Ueat  Bmitted 
per  Square  Foot 

per  Hour: 

per  Hour. 

Total  ' 
Pressure  , 

perature 
of  Steam 

above 
02^  Fahr. 

Tempeni- 

Per  - 

Per 
!•  P.  of 

iipr  Square 

ture.  ■ 

Total. 

]'  F.  of 

TotaL 

Inch,  t 

Difference. 

Diffisrence. 

Poundfci. 

"  Fahr. 

Fahr. 

L1>K. 

PoundR. 

Units. 

Units. 

U-7 

212 

150 

•29 

•00193 

270 

1  1-84 

18-  [ 

222 

160 

•:U6 

•00216 

829 

2-05 

21-5  ■  i 

232 

170 

•405 

•00238 

884 

2-26 

26  .  1 

242 

180- 

•47 

•00261 

446 

►  2-48 

31 

252 

190 

•54 

•00284 

518 

2-70 

36-5  ! 

262 

200 

*W7 

•00803 

577 

2-89 

43  1 

272 

210 

•682 

•00325 

648 

3-08 

51 

•     •  1 

,282 

• 

220 

:76 

•00346 . 

722 

3*-28 

For  the  increased  rate  of  condensation  induced  by  a  draught 
6f  air,  compared  with  that  caused  in  the  still  air  of  a  room,  a 
bare  steam  boiler,  in  open  air,  was  tested.  Steam  of  50  lbs 
absolute  pressure  p&r  square  incb  was  condensed  «4t  the  rate 
of  1'25  pounds  per  square  foot  Of  external  surface  per  hour ; 
Qr,  for  a  difference  of  236°  of  temperature,  '0058  pound  per 
degree  of  difference ;  showing  that  4*79  units  of  heat  per 
degree  was  emitted,  or  a  half  more  thuu  ^rpm  a  pipe  in  still  air. 

* 

Von-Co]idi¥»ti]ig  Cpatu^  i^or  StejUB  Pipes. 

M.  Bumat*s  experiments  were  made  with  cast-iron  steam 
pipes,  4*72  inches  in  diameter  externally,  |  inch  thick,  in  a 
large  unheated  hall  free  from  draughts.  They  were  in  five 
groups  differently  coftted'r-i—  '  ' 

1st  group,  coated  with  straw  laid  lengthwise,  '6.0  ingh  thick, 
wrapped  with  straw  rope.  ,    ,\ . 

2ud  gitmp^'bare. '  •  •   .»  ?•••»., 
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Bixl  group.   Kach  pipe  laid  in  a  pottery  pipe,  enclosing  an 

J^-space,  coated  with  a  mixttrre  of  loamj  earth  md  chopped*; 
raw,  oomed  with  treeses  of  6traw. 

I  4th  group,  coated  with  cotton-wasie,  1  inch  thick,  wrapped | 
iii  cloth  bound  with  cord. 

fl 

5th  groap,  coated  with  a  plg^tj^  of  clay  and  gow*8  hair, 
'86  inches  thick,  j    '      '  * 

The  resalts  ^e,  giyeu  i^  JTable  24B. 
'ABLE  2^6. — Condensation  of  Stbam  in  Cqatsp  Pipbb. 


AbscduliB 

Prossnro 
i  of  iStQjiui 
per 
Square  . 
Inch. 

i  r 


is-j 

ISf 

22-0 
22  0 
2')'7 
2  5 -7 
29-4 
29-^ 


Averages, 
220 


;:V!9i9pefaitatQii.). 


Steam. 


Air. 


rencc. 


Fahr.  1°  Fahr.  -  F:ihr. 

21S-0  4()-|  171m; 

21S-()  38-8  181-2 

228-4  38-7  1S9-7 

228-4  27-1 

2:^8-2  I  41-5  I  llU-7 

288-2  i  8G-r)  VM'yJ 

288-2  3()-l  11)7-1 

288-2  28:9  20 18 

241-(;  j  43-8  198-4 

241-r»  |8(;-5  205-1 

219-1  43-8  205-S 

249-i  80'i;  218-1 


Slfa]ii  coiidrnscil  jxt  Square  Foot  of 
Kxtei  iial  Surface  of  Pipes  per  Hour. 


1 


straw 
coat, 
1st, 

— fcit- 


Lb. 

189 

152 
'K'A 

1S2 
■21i> 

1(;4 
■1(;2 
•2Ui 
-244 
-274 
-252 
•225 


Bare, 
2nd. 

•i.Tr.  ■ 


•200 


Lb. 
-4!l() 
•485 
•55.5 
•571 

■in 


-58li 


•721 
•(;21 


•5S1 


Pottery 
"  coat^ 
Srd. 


Lb. 

•170 

•ir.i) 
•  1 8r> 

•204 
•258 
•158 
-17S 

-2ti4: 

•301 
•285 
•270 
•250 


•221> 


Waste 

Plastor 

coat, 

4tlL 

coat, 
6th. 

Lb. 

Lb. 

•217 

•25 1 

•205 

•262 

•220 

•287 

•2S7 

•341 

•24  1 

•320 

•250  . 

•2(;o ' 

... 

•828 

•340 

•375 

•389 

•369 

•342 

-828 

•379 

•38i; 

280     -82 1 


I  The  plaster  coat,  fifth  oronp.  was  afterwards  painted  wiiitc, i 
When  an  average  of  •8()7  juiind  of  steam  was  condeilS(^  puf | 

fquare  foot  per  hour,  against  -824  pouml  previously.  '  ■ 

Tlie  bare  pipe  was  afterwards  coated  with  old  felt,  which' 
had  been  treated  with  caoutchouc  ;  and  it  condensed  an, 
kvei*age  of  -818  pound  of  steam  per  square  foot  per  hour. ' 
I  The  rates  of  condensation  and  oi  emissiva  of  heat  are] 
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Table  2:^7.— Summabt  J^Iesuli;?. 


Coating  of  Pipe. 


Steam  Condensed 

per  Square  Foot 
per  Hour. 


Bare  pipe  . 

Straw    .      .  .  . 

Pottery  pipes  with  \ 

air-space  .    .  | 

Cotton  waste  .  .  . 

Felt   .      .  .  . 

Plaster  .  .  .  . 
The  same,  painted  | 

white     .  .    .  j 


Total. 

Pound. 
•581 
•200 

•229 

'2m 
•318 
'324 

•307 


Per  r  F. 
Ditterence, 

Pound. 
•0U300 
•00102 

•001 lo 

•00159 
•00165 

•00156 


Heat  Emitted  per 
Square  Foot  per 
•  '  Hpur. 


Totia. 


Per  r  F. 

Difference 


Units. 
5r)2'8 
190-3 

224-8 

272-1 
297^8 
308-3 

292*1 


Uuits. 
2-812 

0-  968 

1-  108 

l-3sl 
1-515 
1-568 

1«6 


Cooling  of  Water  ia  P^as  exposed  to  Air. 

.  Mr.  Win.  Aiulerson  experimented  with  2-inch  wrought-iron 
pipes,  ^5  inch  thick,  j^alvanised,  and  4-inch  cast-iron  pipes, 
^  inch  thick,  through  which  hot  water  was  passed.  Results 
are  given  in  Table  248.  The  iiltiDiatc  results  hajrnjcjnise  \yith 
tliose  for  the  use  of  steam  in  pipes.     ,    I    ^  . 


'  Table  248. — Oooling  of  Watisa  in  PiPise(  Biiroste 
;  TO  AiE.   '   ^ '  •*  '  '  ' 


}  ' 

Twu-lncl»  Wrou^ht-irou 
Pipes.  : 


Fpur-Iucli  (^ast-iron 
Pipe^ 


r 


Number  uf«experi- 
metit 


2 


xperi-  I  j  J 

•      •  I 

Temperature     of\  i 

the  atmosphere  y    dr  ^  58'    52' '6  i  6t' 

Avemgc  dilrcrcnce  \\  [  , 

of  temperatures  I  ^  . 

»)f  t  iie  water  aiid  I  .  I  •        .  i  •  ( 


tlie  air  .  Fahr 
Total  heat  emitted  V 
per  square  foot  V 
per  hour .  Units  ) 
H»'at  emitted  perV 
1  F.  difference  I 
of  teinpetatave  f 


239^  104*4ti4«M[5 


2*25..  t  Si'll  j;^-^  I  l'S9t 


m'i     W^.f  -fO'  j  .59° 


02  -3  45° -8 


"Wt'if  90«-  .09^ 


33° -9 


4811 


2r-3 

I 

■ 

/  I 

mi 
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Tiedgold  experimented  with  small  vessels  of  different 
materials,  in  which  water  was  cooled  from  a  temperature  of 
ld0?-4a'-e»e^459°,  in  a  room  at  58°.  The  heat  emitted  per 
square  foot  per  hour,  per  degree  of  mean  difference  of  tempera-| 
lure  was  as  follows  :  -h  : 

Tin-plate     !  *V37  units.,  | 

ShteVirofl   !.'.'.      .  .      2-24  „ 
j       Glass    .    {  2-18    „  { 

I  5  ' 

'  Also,  in  a  2h  inch  cast-iron  pipe,  J  inch  thick,  water  was; 
cooled  from  152''  to  140°  F.,  in  a  room  at  67'.  The  heat; 
emitted  per  square  foot  per  hour  per  degree  of  dif[erence  ofi 
temperature  was  as  follows  : —  *  '  '  | 

^^^^  Oidinar^.rusty.,sujLiaca    . . .  •  ..l.*j82id.  luiits.^ ,  ,  i 

.  Black,  varnished  ..       ,       .    .       1*900     „  . 
•'White  (two , coats  of  lead  paint) .  '    1-778     „  * 

'     ,  i. ••♦/.•'     r    .'.  I,  '  ,»    U  .     :  .  .  t      .  ' 

TraHiiniiiiott  of  tt^at  throiigli  Metal  Plfttes  ftt^m  WkUt  ' 

' '    '  Water. 

.  In  aif  melal  tubular  refrigerator,  hbt  wort  was  copied  by 
water  at  such  a'  rate  that,  taking  averages,  80  units  of  heat 
passed  from  the  wort,  and  :waS'' absorb^  by -the  water  per 
sqnare  foot  of  cooling  surface  per  1**  F.  per-  difference  of 
temperature.  ■  *  The  water  And  the  w6rt  were  moved  in  opposite 
diiectionfe'      -  ^  ....  ..  .  .  ^ 

M.  P^let  ployed  experimentally  that*  the  rate  of  trans- 
mission ot  heat  i^ias  directly' as  tlie  difference  of  temperature 
at  the  two  faces  6t  metal  plates.  '  ,     *  /         "  ^ 


'  Transmission  of     at  through  Uetal  P^ai.^s  from  Stem  . 
*     "'^   **      ■  '*     to  Water.        ^    •        -  ' 


The  rate  of  transmission  of  heat  from  steam  tbroue^h  a 
metal  pl^te'to'^ater  lit'the  other  side  is  practically  uniform 
per  degree  of  difference  of  temperature.  Ttie  following 
Table  gives  average  results  of  performance,  from  which  it 
appears  that  the  transmission  is  much  more  effective  for 
evaporating  than  for  heating  water,  twice  as  -much  for  tiat 
copper  plate,  three  tijnes  as  much  for  copper  pipe,  one-fourth,- 
more  for  cast-iron  plate.  Also,  that  pipe  suvf ace  is  one-fift)i. 
more  effective  than  flat  plate  sijrfacetfor  heating,  and  mor^: 
than  twice  as  much  for,  ^v^p^ration-rr-t he  result  better 
ciircuh^tioi^,  1^0  dp^bt;  .•         ^     .         .  *.  < 


H  H 
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Table  3i9*— HBATiHa  and  BYAMHAfrtim  -  WAi«t  sir 

Btbam  thbough  UmAJM. 


1 

1 

Per  Square  F(H>t  per  V  F.'  dM 
Tein|ieiiitiir&  '  r.i 

Metal  Surluce. 

Heat  Trausiuitted. 

r       .  ►           -    ,     ^                                    — .  ■  — 

Heating. 

Evapo- 
rutiug. 

Heating. 

Kvapo- 
i-atiug. 

Copper  plate 

Cop|)Ci*  pipe  .       .  . 

Cast-iron  boiler  . 

Pounds. 
•248 
•291 
•077 

Pounds. 

•4i83 
1-070 

•105 

Uuits. 
276  '  ^ 
,  312  i 
82 

Units.  1 

:  10^#;j 
100 

..11     J  k  i: . 1  1  ( 

^Ir.  Tsh<  i  \v»  H  »<|  fxj)t'iiuieiitrd  w  illi  cvliiulrical  metal-i)ots* 
1(»  inclies  in  d iainrt cr.  21  |  inches  deep  ;  ^  inch,  \  inch,  and 
J  inch  thick:  turntMl  an«l  bored.  They  were  placed  in  a 
stcani-batli  of  fnua  'JiMr  to  H'JO  F.  'Water  at  212"  was 
supplied  to  the  pots,  an<l  eva})orai<-d.  The  rate  of  evapora- 
tinii  per  deLrn-e  of  dilVereiiee  of  tempt  rat  lire  was  the  same  for 
all  lemperatures  ;  and  the  rate  was  the  sjimii  for  the  diU'erent 
thicknesses.  The  respective  weijL>hts  of  watet\  and  heats  cou- 
sumctl  per  square  foot  of  inside  surface,  per  degree  of  difler*^ 
ence,  were  as  follows:  — 


Copper 
Brass 

Wrougrht-iroti 
Cast-iron 


Water  at  212*. 
•6(i5  lb. 
•577 
•387 
•327 


7> 


642*5  units. 
556-8 


378-6  '  I;''- 
3l6*7  ' 


ft 


The  differences  of  results  for  the  same  metal  evidently 
arise  in  part  from  the  comparative  activity  of  circulation,  and 
in  part  from  the  condition  and .  position  of  the  heating 
surfaces. 

CondonsatiooL  of  Steam  in  Pipes  or  XabQS  by  Water  Mtenu^l^k 

From  the  i*esultft  "Of  iwperf'ments  with  surfacfe-conddnecfr^, 
in  which  the  steam  wate  parted  tfaliOQgh  the  tirbes,it  appear^ 
that  600  units  of  heat  by  cotKlensatioii  were  trarifjinitted  )^eir 
tiqjihite  'foot  dl  tube  surface  per  hour  per  1**  F.  differehce  of 
t^Oiperature.  The  condensers  Were  arranged  in  three  gro^:^ 
of  tube^  successively  traversed  by  the  condensing  water.  In 
another  case,  where  the  condenser  was  arranged  in  two 
m'!p<;.  from  220  to  240  units  were  transmitted.' 

B.  G.  Nichol  experimented  with  an  ardixxaiy  surfaee- 
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tfWlflliUytjr t>Ya'ss  tUT^e,  1  inch  in  diameter  omsifle,  No.  18  wire- 
^auge  in  thickness  ;  encased  in  a  3}  inch  iron  pipe.  Steam 
bf  32^  lbs.  total  pressure  per  square  indli  occupied  the  inter- 
Ipaco,  whilst  cold  water  at  bS"  F.  initial  temperature  was  run 
throagh  the  brass  tube.  Three  experiments  were  made  lirildi 
the  tubes  in  a  Terti<»L  position,  ,  and  three  in  a  horizctitid 
position; 

Vertical  Position.  Horizox^tal  Position. 

1,  2,  3,  4,  6,         ^,  : 

Velocity  of  water  through  tube,  in  feet  per  minute, — 

81,      278,      390,  :78,      807,      416  feet.  • 

Steiam  condensed  per  square  foot  of  surface  per  hour,  for 
1*  F.  difference  of  temperature,T- 

•385,      -486,      -457,         -480,      -603,       miU  - 

Heat  absorbed  by  the  water,  per  square  foot  per  hour,  pey 
1*  F.  difference  of  temperature, —  - 
.     346,       449,       466,       .  47.9,       621,     ^696  units. 

The  rate  of  condensation  was  greater  in  the  horizontal 
todltton  than  in  the  vertical  poaitioa.  Ako,  the  ^cienclir  o$ 
{he  condensing  surface  was  increased  by  an  increase  of  yelocil^ 
k  tte  watffi*  thrciigh  tiie  tube,  n^rly  in  the  ratio  of  the 
lourdi  Kiot  of  the  'velocity  tat  vesical  tubes  ;  and  near]]^  aB 
the  4'5  root  for  horizontal  tubes. 


'  T^MUiaUrfoir  «f  S^at  tiiroii^  Hetal  Plates  or  Tabes,  frfm 
'  Air-or  onier  my  Cto  to  Water. 

•  The  rate  of  transmission  of  convected  heat  is  probably  from 
2  to  5  units  of  heat  per  hour  per  square  foot  of  surface  per 
1°  F.  of  difference  of  temperature. 

In  a  locomotive  fire-box,  where  radiant  heat  co-opemtcd 
With  convected  heat,  the  following  results  have  been  obtained 
in  generating  steam  of  80  lbs.  pressure  per  square  inch.  The 
temperature  of  the  fire  is  taken  at  2000^  F. 

s      '        '     •  Heat  Transmitted 

Water  Evaporated  jier  Square  Foot  pfer 

per  Square  Foot  Hour  per  1*"  F.  dite- 

t                             '              per  Hour.  *  rence  of  Temperatiire. 

purning  X2oke,  75  Ibsw^  ... 

.  per  square- foot  otV      25 Jibs.  14 J  units.  '  - 

grate      .      ...  J       .  . "    .  ^  • 
burning  briquettes,  74j^ 

.  lbs,  per  square  f  bot  >      M    „    •  20      „  | 

:  of '^rate  ...)"-- 

•  There  are  in  practice  little  or  no  diiferences  between  h-on, 
copper,  and  lead  in  evaporative  activity,  when  the  sur^cea 

H  H  2  ^ 
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472  HEAT.  • 

Cfomparative  Bate  of  Emission  of  Heat  from  Steam  Pipes  a 

Air  and  in  Water. 

It  appears  that  for  equal  total  difference  of  temporatnre. 
the  rate  of  emission  of  heat  from  steam  pipes  in  water 
amounts,  in  round  numbers,  to  from  150  to  250  times  the  raw 
it  air,  according  as  the  pipes  are  vertical  or  horizontal. 

pomparative  Bate  of  Emission  of  Heat  from  Water- Tubes  in 
j  Air  and  in  Water  at  Best  and  in  Motion. 

• 

I  It  appears  tliat  the  rate  of  emission  from  \Yater- tubes  in 
vt^ater  was  about  twenty  times  the  rate  in  air.  Mr.  Craddock 
proved  it  experimentally  to  be  twenty-five  times.  When  the 
water-tube  was  moved  through  the  air  at  a  speed  of  59  feet 
per  second,  it  was  cooled  in  one-twelfth  of  the  time  occupied 
in  still  air.  In  water,  moved  at  a  speed  of  3  feet  per  second, 
the  water  in  the  tube  was  cooled  in  half  the  time.  / 

Expansion  of  Liquids. 

The  cubicnl  rxpaiisioii,  or  expansion  of  volume,  of  water, 

from  :V2°  F.  to  21 2'^  F.  and  upwards,  is  given  in  Table  252. 

The  rate  of  expansion  increases  with  the  temperature.  The 

expansion  for  tlu*  range  of  temperature  from  32**  to  212**  is 

•()ir>6,  or  fully  4h  per  cent,  of  the  volume  at  32°;  or  an 

average  of  •0002.") {i        degree,  or  g^^j^  P^^^  volume  at 

32^  F.  • 
* 

Tablk  2:)1.  — Fm»ansi()n  oi'  fiigriDs,  from  32°  to  212*  F. 


t 

Vohnnc  at  32°^  1.. 

1 

Lifjuid. 

Voliinu' 

at  'zvr. 

Kxpan- 
sioii. 

Li(|in(l. 

Volume 
at  212'. 

Exi»aii- 
sion. 

>  - 

;  Alcohol 

i  NifTic  acid  . 
Olive  oil 
Turpeniine 

1-1  ion 

1-1100 
;  1-0,S()() 
I  J-()7(J(I 

1 
i» 
1 
i» 
1 

L 

14 

8ca  water  . 
Water  .  . 
Mercury 

1  -0500 
1-0461) 
1-018 

It- 

I 

Z6 

1 

» 
« 

I 
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HlA^bi^k  252, — Expansion  and  Weight  of  Water  at 
.  VARIOUS  Temperatfres. 


Relative 

Weight 
of  One 
Gallon. 

Kelative 

• 

Weight 
of  ( )n(' 
uaiion. 

Voliimo 

nf  On<» 

of  Onfl 

by  KXr 

Cubic 

raiure. 

by  Ex- 

Cubie 

- 

pansion. 

Foot 

pansion. 

Foot. 

"  P'ahr. 

Pounds- 

Fomuls. 

'  Fahr. 

Pounds. 

Pounds. 

•d2 

1 -00000 

02*41  (S 

10-0101 

100 

1 '0003  9 

62*022 

9*94  / 

62*422 

10-0103 

111*" 
]  (hi 

rOO/39 

()  1*960 

f  k  •  f  k  *j  " 
9  9.1  / 

o2*42o 

110 

1 -00889 

()l-868 

9*922 

1  391 

'  \ 
•99989^ 

maxi- 
mum 

,10-0112 

Hi) 

120 

1-009S9 
1-011.)9 

61*80/ 
br  / 1;) 

(  k. f  k 1  o 

9*913 

denait.v 

12.) 

1()12.-J9 

()  rl>.)4 

9  S.^  / 

1  40 

62-425 

10-0112 

l.iO 

1    ill*)  flit 

1  Ol.>90 

()r.)b.i 

9  8  /  3 

1  '45 

62-422 

10-0103 

13;) 

1*01539 

(51-472 

9-859 

1  4b 

I'OUOOO 

62*418 

10-0101 

1  40 

roi()9o 

f)l*.^81 

9*844 

r  '^r 
1 

62*409 

100087 

1 4.) 

rOlS.19 

b  1*291 

9  829 

! 

62-400 

loO 

1*01989 

bl-201 

9*81 ;) 

1 

ordi- 

1  —  — 

li)L) 

1*02  H)4 

br09b 

9*  /  99 

1 
1 

i*uoo2y 

nai*>' 

10-0U72 

IbO 

1*02340 

(•0-991 

9*/ 81 

calcula- 
tions. 

Ibo 

r02.i89 

bO-S43 

9*7.0  i 

1  <  0 

1*02690 

()()•/ 83 

9'/  4S 

1  55 

I -00038 

62-394 

10*0063 

17i» 

1*02906 

()0-b6o 

9-/28 

1  bO 

1 '000 7 4 

62-372 

10-0053 

1  SO 

1  *03iOO 

()0-i)48 

9-/11 

1 

iSi) 

1*03300 

(^0-430 

9*691 

1  mean 

190 

1  *03.)00 

bO*314 

9*b/2 

1  tem- 

1  00101 

62-355 

100000 

19.) 

1*03/00 

y*jk    1  fkL> 

()0-198 

i)-b.)4 

1  tore  V 
1 

»• 

• 

200 

1  -03889 

60*08 1 

9*b3.> 

20.) 

1    i  k  1  1  i 

1-0414 

i)9*93 

9*61 1 

1 -001 11) 

62*344 

9*9982 

1 1 0 

1*0434 

.')9-82 

9*.)94 

1 

1-00160 

62-313 

9-9933 

212 

1'0466 

59-64 

9*565 

«             ^\  A% 

I -00239 

62-275 

9*9871 

250 

1-06243 

58-75 

<)*422 

1  80 

1-00200 

62-232 

9-980 

300 

1-09563 

56-97 

9*136 

1  85 

1-00370 

62*182 

9-972 

400 

1*1505(; 

54-25 

8*700 

1  90 

1-004  51) 

62-133 

9-!)64 

500 

1-22005 

51-16 

8*201 

1  95 

!  1-00554 

(;2-074 

9*955 

1 

1  ^ 

• 

Ezpansion'of  Msefe. 

The  volume  of  atmospheric  air  i.'^  increased  in  tlie  ratio 
of  1  to  1-365,  in  rising  in  tem)ieratuie  from  32'  to  212°  F., 
under  constant  pressure:  and  wheii  the  volume  is  constant, 
the  pressure  is  increased  in  the  ratio  of  1  to  1*3(565. 

The  expansion  under  constant  ])i  ('ssure  is  nniform,  and  is  at 
the  rate  of  part  of  the  V(;lun]i!  at  32°  F.,  for  each  dcfrree 
of  rise  of  temperature  :  say  the  fraction        At  this  rate  oi 
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4^4  HEAT. 

contraotioa  the  absolute  zeTo  of  .the  Fahrenheit  seate,  oi*- point 
of  no  heat,  is  (49a--S2=*)^4ei'"3'.,  im  iflV  below  0''  on  the 
oal6r-~  Oii.<4he-  Centigrade  the  aheolntc 
^^he  absolute  temperature  hj  die  F9.bjrenhj^t  scale  is  found  by 
Adding  i6L  to  Uie  temperotpre  indicated  on  tb^  themtf- 
betirical  scale.  For  a  gireii  volupi^  all:  or'other  gases  at  a 
given  tempetatnre,  the  volume  for  any  other  temperature 
|nder  a  constant  pressure  is.-^ 

*  '  '     t-\-4i')i  •  .  ' 

When  the  iuitial  temperature  is  62^  F.,  the  formulaj 

becomes  , 

i-       ^'-'^-^  ■  •  •     •  ♦  CIO) 

^  When  the  temjperatur^  is  foj^fstaiM:,  the  .'i;olume  irariep.,as, 
the  pressure,  or        '      .  f  . 

Y'rsvil'       .  •      .  (11) 

WheA  the  temperature  and  ])ressure  change, — 

3i^h^;^]libQ  initi^vtempe?at|^^^  thei  instial| 

]  >T^^Bf^isej^-l^'7      per  squai'e|  iiicb,:  ;tihe  fprmpln  j^eoomes  . 

j  jtN.  i:  .  •       i  V(/'  +  461) 

'  When  iA  ' addition  the  Toljime  is  constanl^,  this  foimnla 
tecQ^es  " 

^      85-58  •  •  •  •     ^  • 

•  The  product  of  the  volnme  and  pressure  of  a  oouaiit^nt 
weight  of  a  gas  vari^  as  the  absolute  teinj^eratiix^v  .1 

(1  pound  (rf air)  '   .    \     V  '    .  (Ibi 

And  the  volume  of  one  pound  of  air  at  any  piessnre  and 
any  temperature,  is 

V ss initial  voluTne  of  gas.  -       .  • 

Y'^final  voLiu&e  o.f  gas.  • 
^ = initial  tempeiatare^ 

/t'ssfijoaltempetatuse,  >t         t  t 

initial  pTie^siQse.  • 
^-=?fij|al  pressure. 
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SPECIFIC  HEAT  OF  SOLIDS. 


_  ^MOiflo  Heat. 

iThe  specific  heat  of  a  body  is  its  capacity  for  heat  relative 
o  that  of  water  as  a  standard  ;  of  which  the  specific  heat  is. 
tjhat  required  to  raise  the  temperature  of  1  pound  of  water  at 
32"  F.,  one  degree  Fahrenheit  :  in  short,  the  British  unit  of 
ieat.  The  specific  heat  of  water  is  not  constant  ;  but  increases 
9li<j^htly  w^ith  the  temperature,  in  so  much  that  the  heat 
required  to  raise  the  temperature  from  82°  to  212°  F.,  through 
ISO  degrees,  is  180-9  units  ;  and  the  average  specific  hjeat  is 
1'005,  or  one-half  per  cent,  more  than  that  at  82^  P. 

The  specific  heat  of   all  solids  and  liquids  is  variable, 
g^dually  augmenting  with  the  temperature.    For  tempera- 
tures under  212°,  they  are  nearly  constant. 
The  specific  heat  of  perfect  gases  is  constant. 

i  Table  253.— -Specific  Heat  of  Metals. 


1 1 1  I . 

Antimony  , 
Bismuth 
Brass  . 
Copper  . 
Cymbal  metal 
Gold  . 
Iridium 
Iron,  cast 
•      •  wrought 
Le^ 


1 

■  '  s 

1 

1 

•05117 

Manganese 

•1441  • 

•  • 

•0808 

Mercurj,  solid      .  . 

•0319 

•0939 

♦  liquid'.    '  . 

•0333 

•0951 

Nickel   .       .  •    .  . 

f-1086  : 

•OHG 

Platinum,  sheet . 

•0324  ; 

•  • 

•0324 

„       spongy  .  . 

•0329  \ 

• 

•1887 

Silver        •  -  . 

•0570  ! 

r 

♦  • 

•1298 

Steel     •      •      .  . 

1-1165  . 

•1138 

Tin    .       .  . 

•0569  ' 

•0314 

Zinc      .       .       .  , 

|Q9p5 

f"  Table  254,— Specific  Heat  of  otHEE  Minebal' 

:  '  SUBSTANCES:  '  i  *  I 


SroKEa 

Brickwork  and  ma-  [ 
Bonij    .      .      4  ) 
I  Marble    .    .     .  .  « 
OhalH      .      ^  4 
Quicklime    .    •  •  -i 
Mag-n/e^iw  lunoQionA 


CABBONAOEpUS. 

j  Coal  .       .  I 
!  Charcoal      .   •  . 
Cannel  coke  1 
Coke  of  pit  coal' '.- 
Anthracite  T 


•20 

•2129 
•2U8 
•2169 


•2411 
j  -241 5 
••2031 
I  -2008 

;  -2017 

J  


Oabbohageous — eon. 

Graphite,  natural  . 
.  n      of     blast ) 
fnm^oes  .     .  *  I 

SjJirDBYf,  . 

Glass  *  ,  V  •* 
Ice  .  .  '  ,  • : 
Phosphorus  .  '  . 
Soda  .  '  .  i 
Sulphate  of  lead 

„       lime  •  ' . 
Sulphuf   .      .  . 
:••: 


•2019 
•497 


•1977 

'504 

•2503 

•2311 

•0872 

•1966 

2m 
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Table  255.— Specific  Heat  of  Liquids. 


1 

Alcohol     .       .       .  ;  -6588 
Benzine       .       .    .  !  31)32 
Mercury  .    .  .       .  1  -0333 
Olive  oil      .       .    .  1  -SODG 
Sulphuric  acid  : — ,.-  ! 
Density,  1-87    •    .  ;  •334r> 
l-3()    .    .  j  Mi()14 

Turpentine  , 
Vinegar       .       .  . 
Water,  at  32"  F. 

„    .  212°  F.  . 

„       32^0212° F. 
Wood  spirit 

•4160 
•9200 
l-OOOO 
1-0130 
1-0050 
•6009 

'J'ARLK  250. — SpECTFTC  HeaT  OF  (lASKS. 

For  E^iual  AVei-^hts. 

At  Constant 
Pres.sure. 

At  Constant 
Vohnne. 

Ail' 

•2377 

•1688 

Carbonic  acid  (S^i)    •       •       •  • 

•2ir,4 

■1714 

oxide  (CO) 

•24  7i) 

•1768 

Hydroo:en     .       .       .       .       .  . 

;^4U4r> 

2-4096 

Lis^ht  (;arburetted  hydrogen 

•5921) 

•4683 

Nitros^on      .       .       .       .       .  . 

•2440 

•1740 

Oxygen  ...... 

•2182 

•1550 

S learn,  saturated  .       .       .       .  . 

•  •  • 

•3050 

Steam  gas  ..... 

•4750 

•3700 

Sulphurous  acid   .       .       .       .  . 

•15.-)H 

•124(; 

Tablk  257.  — SpKciFic  Heat  of  Water  at  various 

Temper  ATTIRES.  - 


H<Mt  tn  raise  lib. 

1  ' 

Heat  to  raise  lib. 

Tom  pe- 

of Water  from 

Tempe- 

Hpeclttc 

'  of  Water  from 

rn  til  rf. 

Heat. 

F.  to  ;,'ivcii 

rature. 

Heat. 

8-2'  F.  to  given 

Temperature. 

• 

[  Temperature. 

^  Falir. 

Units. 

"  Fahr. 

Units. 

.32 

1  -oooo 

()-nO(l 

218 

1-0177 

217-449 

50 

l-00()5 

lS-00  1 

2f;6 

1-0201 

•  235-791 

1-0012 

36-OlS 

284 

1-0232 

254-187 

si; 

1-0020 

54-047 

302 

1-0262 

272-628 

104 

1-0030 

72-01)0 

320 

1-0294 

291-132 

1 22 

1  -00 12 

90-157 

338 

1-0328 

309-690 

140 

1()0.")G 

108-247 

356 

1  0.364 

328-320 

15S 

1-O072 

12l)-37S 

374 

1-0401 

347^004 

17(; 

1-oOSO 

144-50S 

392 

1-0440 

365-760 

IIH 

ir,2-C).s(; 

410 

1-0481 

384-588 

212 

1-0  K'K) 

1.^0-900 

128 

1-0524 

403-488 

230 

lM)ir)3 

199-152 

14<> 

I  •0568 

4'22-478 

Digitizec  i  , 
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Table  258; — Spkcifio  Heat  of  Woods. 
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I  -Table  259. — Volume  of 
•       SPHERIC  Pressure,  14 


1  Pound  of  Air  at  Atmo- 
7  lbs.  per  square  inch. 


T6m- 

Volume  of 

Tern.  * 

j^ojume  of 

Tem- 

■ •  ■  •  *    '   '    '  ,  ' 

.  Volume  of 

p^r^iture. 

One  Poand. 

peiatnre. 

<jiif[(.|(p|ind. 
1 

perature. 

One  Found. 

— — 

Cubie  Feet 

"  Fahr.  •  i  Ciibi<'  Feet. 
230     j  •  17-302 
240     1  17-012 

'  Falir. 

Cubic  Feet. 

.  0 

ll*;)8o 

24-77o 

32 

12'd87 

550 

2O-403 

40 

12'i)8t) 

250 

17-805 

.>  /  5 

2<)'03 1 

^  50 

1 

18-1 16  ^ 

()00 

20-059  " 

62 

1<>*141 

270 

18-367 

OoO 

2v-91i) 

_  Ii5*.i42 

280.. 

18-621 

/OO 

29*172 

so 

13-593 

290 

18-870 

750 

30-428 

90 

13-845 

HOO 

19-121 

800 

31-085 

100 

14-090 

320     1  19-024 
340  '  i  20-12(; 

S5() 

32-941 

120 

14-592 

900 

34-197 

140 

15-100 

300 

20-030 

950  • 

35-458 

100 

15-003 

8S0  : 

400 
425  ^ 

21-131 

1000 

36-710 

180 

10100 

21034 
'  22-202 

1250  ' 

42-990 

-200 

io-(;(h; 

1500  . 

49-274 

210 

10-800 

450 

'22-890 

2000 

01-836 

212 

-1R*910 

'475  ^'23-518 

25t)0 

74-400. 

220/ 

:  hi'kXi 

500 

-24-146 

3000 

.  86-962 

y _;^Ku — iVi Ki/i'iNa  Polnts  of  ALLuXi>..ahu  Lead,  Xul 


"Fahr. 

i "  Fahr. 

1  tin,  5  lead 
1   ?»  3        .  ■ 
12 

1),1     »»  • 

9  1 

4  1 

511 
482 
441 
370 
340 
305 

6  tin,  1  lead 

4  4   .,    1  bismuth 

9           9  1 
1           1  1 

5  „   3   „   8  „ 

•  • 

381 
320 
292 
254 

202- 

!  1 

Ftt9ib^  Plugs. 


-  -        —  4 


2  tin,  2  lead 

2    ,»r  •  ^  «• 

»>      ^  V 


Soften  at 

,3I(^lt  at 

"  Falir. 
3(i5 
•  372 
377J 

"  Fahr. 
372 
383 
388 
408-j 

395» 

Google 
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TABIiE  26L*--MELTfKa  POINTS  OF  Mi^ALS. 


1  •  Pahr. 

«  . 

r  uii 

red 

n  A  A 

AiuniiBiaiB.     • .     .  \ 

1 

J.  X  •  1 V  / 

Bifflnath  •      .  '  ; 

607 

Btonie  . 

1690 

Copper   .      .  4 

1996 

Gold}  standard  ,  .  « 

2156 

n    pare  j 

2282 

Iron,  cast,  gn^-     {  , 

2012 

Iron,  castjX^ite, 
Lead 

Mercwtv  *  . 
Silver  '  . 


( 


Steel  , 

Tin  , " 
Zino  \ 


I  • 
» 

1 

0- 


( 


'  ■ 


1922  to 
2012 
2912 
t  -617 

:  1873 
i  '2372  to 
(  I  25^2 

'  442 
773 
I    I  1 


1    Table  262. — Mating  Poii^ts  of  Sundby  SolIds. 


j    '  •  Fahr. 

1  'Fahr. 

Carbonic  acid  , 
Ice     .      .  . 
Nitro-glycerine  . 
Pliospnoras 

Stearine  ... 

—1 08 
■  82 
45 
•  112 
\  100  to 
//  120 

1   '  ^ 

Spermaceti      ,  • '  .  120 
Sulphur  1,      ,      .  239 
Tallow    J  .    .  .    ,  92 
Turpentiiie     „'     .  14 
Wax,  rough       .   ,  142 

Table  263.- 


BoiLiNu  Points  of  Liquids,  and  Heat  op 
Evaporation^     •  ~  , 


Liquid. 

•  • 

Alcohol      .     ^ , 
Ammonia 
Benzine      .  , 
Linseed  oil 
Mercury 

• 

1  • 
• 

j  Boiling 
!  Point 

» 
1 

.   

Latent  Heat 
of  Evapora- 
tion oiT  One 
Found. 

Total  Heat, 
from  32"  F. 

of  One 

Found.  ~ 

"Ffthr. 
. !  173 
.  140 
.  176 
.  597 

.  :  (;4s 

Units. 
374 

♦  •  • 

... 

... 

Units. 
461-7 

•  •  • 

•  •  • 

Sulphuric  ether 

• 

.!  100^ 

Turpentine. 

• 

.1  315 

124 

256-6 

Water  . 

• 

.'  212 

965-2 

11461 

.  sea  . 

• 

.  1  218-2 

• 

•  •  • 

„    saturated  briue  • 

.  '  226 

•  •• 

•  •  • 

"Wood  spirit 

•i 

475      j  545*9 
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Table  264.— Heat  conducting  Power  of  Metals. 
  Silver =1000. 


(F.  Graee-Calvert  &  R.  Johnson.) 


i  Silver  .  _ 

'  Gold  <  ; 

:  Gold,  with«l  per  cent,  of  silver  . 
Copper,  rolled      *:   •  .      .  ^ 
Copper,  cast  .  . 

Mercury  ...... 

Mercury,  with  I*2b  per  cent,  of  tin  l 
Aluminium     .       .       .       ,    •  * 

Zinc,  rolled  

Zinc,  cast  vertically 
Zinc,  cast  horizontally       .  ... 
Cadmium       .       .  ...» 
Wrought  iron     .       .       .       .^  . 
Tin  .      .  •     .  ,  .  . 

Steel  . 
Platinum 
Sodiam 
Cast  iron 
Lead  " 

Antimony,  cast  horizontal^  \     t , • 
Antimony,^ cast  verticf^l\y  ^  \ 
Bismuth  ."       .       '.    "    .  i 


•         »  • 

•    •  •    • .  ♦ 


■MA 


Relative  Con,- 
Qnettog  Power.  . 
Silver«lO0a  / 
— ^ 

1000  / 
981 
840 
845 
811 
677 
412 
605 
641 

628  • 
(>08 

577  . 
436 
422 

380 
*  865  ' 
359 
287 
215 
192 
61 

Ji  Ml 


Inftuenee  of  a  'Mm^^ef  aZUe^b^tAnoe  ^  ^ombinoftkik  m  the 

Influence  of  carbon  on  iron 

Wrought  iron  .  ..... 

Steel    ......      .  , 

Cast  iron  ... 
Influence  of  arsenic  on  copper  : — 

Cast  copper .       ,      ,       .       .       .  . 

Copper  with  1  per  cent,  of  arsenic  . 


J? 


>  .  ' 


436 
397 
359 

811 

'  570 

»  •  .       **»  ' 

*5       „  „  .    .  I  669 

•25     ...  \\       .       .-^  771 


yiu^uo  Ly  Google 
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Table  2<i6.— Frigorific  Mixtures. 
(Selection.)  j  ,  . 


Mixture. 


F!aU  of  Tempmlnre. 


Nitrate  of  ammonia 
Water. 

Phosphate  of  soda 
Nitrate  of  ammonia 
Dilute  nitric  aoid  . 
Muriate  of  sotla  (com- 
mon salt) 
Snow,  or  pouTided  ice  . 
Muriate  of  soda  . 
Nitrate  of  ammonia  ; 
8no\v.  or  pounded  ice  . 
Dilute  sulphuric  acid . 
Snow  .  .  .  . 
Potash  .  .  .  . 
Snow  .  .  .  . 
Muriate  of  lime  .  . 
Snow  .       .       .  . 


Fahr. 

From  +  60*^  to  +  4' 


Degrees 
of  Cold 
Prodaced, 


9 

()  [  \  From  +  50°  to  —  21 


Fahr. 


71' 


1 


From  any  tempep^-  l  \ 


from  any  tempexa-  / 
ture  to  —  25**    .  J 

Frbm.H- 32:^0—23'^ 

From  +  32°  to  —  51" 

From  +  20*  to  —  48° 


1 . 


Condnetion  of  Heat  by  Metals,  Alloys,  and  Amalgams.  j 

Messrs.  F.  Crace-Calvert  and  R.  Johnson  investigated  the 
conducting  powers  of  metals,  alloys,  and  amalgams.  •  Of  the 
solid  metals  square  bars  1  centimetre  square  ('39  inch),  and 
r»  centimetres  long  (2*36  inches),  were  employed.  Mercury 
and  sodium  were  deposited  in  a  box  of  the  given  dimensions 
to  hold  them.  The  metals  and  alloys  were  of  pure  metals, 
excepting  platinum,  aluminium,  iron,  and  sodium,  which 
were  only  commercially  pure.  Tables  264  and  2iJ()  give  the 
results  of  the  trials.  The  alloys  of  tin  and  lead,  and  tin  and 
zinc,  there  is  reason  to  believe,  are  only  mixtures.  The  alloys^ 
of  copijer  and  tin  appear  to  be  definite  chemical  compounds; 
the  observed  conducting  powers  being  widely  different  from 
the  powers  calculated  from  those  of  the  'elements.'  In  one 
instance,  an  alloy  of  88  per  cent,  of  cupper  and  32  per  cent.| 
of  tin  lias  less  than  cme-fonrth  of  the  calculated  power.  The 
low  conducting  powers  of  the  commercial  alloys,  No.  7,  ar^ 
^ue  to  impurities.     *  *  j 

Mercury,  when  so  situated  that  circulation  is  prevented,  is 
•\e  worst  beat-conducling  metal  knowhT   lue  conducting 
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power  of  silver,  the  best  conductor,  being  1000,  that  of: 
mercury  is  onlv  54  when  the  column  is  vertical,  and  the- 
source  of  heat  is  applied  at  the  upper  part  of  the  column. 
When  the  column  is  horizontal,  the  power  is  679.    Water, ^ 
like  mercury,  pres.ents  a  complete  barrier  to  conduction  of 
heat  applied  at  the  upper  end  of  a  vertical  column. 

tABLB  266.— HEAT-CONDUCTINO  POW^R  OP  AnZiO'TS  *ANb 

I  Amalgams:  Silver  =  100o.  -  • 

j  (F.  Crace-Calv^t  «k  B.  Johnson.)      .  il  •  ' 

1.  Alloy. ^  hy  which  Heat  i»  CimdUeted  in  the  JRativ  of  the 
I     Calculated  Mean  Conducting  Bower'  of  the  'Metata  com" 


Alloy. 


1.  TkH  and  Lcodi 

Pb  Sn  . 
Sn  Pb^  . 


Prfiportiong' 
per  Cent., ' 
by  >Veight. 

— rrrj — 

J  T  .  73-97  I 

I  L  *S6-oai  ) 

T  36-22  \ 

L  63-78  I 

T  10-20  I 

L  89-80  j 


'Aotiui\ 
Relative 

Conducting 
Power. 

Silvers  1000. 


385 
230 
299  • 


i 


Calcalated 

Conducting 
Power. 


,  386 
301 


2.  Tin  and  Zinc. 
Zu"  Sn  .  , 

rZa  Sn  • 

•an -fin*-:  ? 


I 


I 


Z 
T 
Z 
T 


i  Z 

f  T 


73-43  I 

2r>-57  ) 

On-05  \ 


541 
601 


„'  495 


IL  Alloys  containing  an  Excen9  4^  the  Woree^Comdueting 

]JUf^al.\ 


-4+ 


8.  Jjt'ud  and  Anti- 
mony. *        '  '  * 

PbSb  •.  .  ^  33.3j^  J 

Tb  Sb*  .  .  .   .  ^  76-7tf  /  . 


190 
179 


251 
216 


Diyitizea  by  GoOgle 
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HEAT. 


•  ■ 
* 

,  Proportions 
'  "  ALLOT.           '  "       per  C«nt., 
1                    .  •         J       by  W^i^it. 

.  <       ,   .  ♦     .  ., 

Actual 

llelatire 
Conducting 
Power. 

Calculated 
CJond  acting 
Powar. 

4^  'Antivwfiy  ,  aihi  .  \ 
Bigmnth, 

fji  T>'                   (A     87*74  / 

62  110 
.     48     j  7y 

o.  Copper  and  Tin,  1 


Cu  Sn> 
CaSn» 


The  following  have 


fin  Ca»  . 


C 
T 
C 
T 
0 
T 
C 

T 

C 
T 


T 

0 
T 

0' 

T 

C 


34-98 
6502 
»1-21 

78-79 
15'2l 

84-71) 

11 -sr* 

88-14 
9-78, 
.90-27 


88-21 
<;i-79 
81-73 
68-27 
27-10 
72-90 


I ; 


41S 
431 

406 
396 


558 
504 
481 
468 
459 


mm  tm^at^^w. 

494. 

.m 

155 

m 

• 

207 

*  * 

688 

;  718 

428 

687 

531 

672 

589 

663 

595 

657 

6.        imd.  Capfiisr. 


Ca  Za  ^ 
Cu  Zn*      .      .  j  I 


.Cu  Zn*  , 
•TQu  Zn« 


1 


G  49*32 

Z  50^68 

C  82-74 

Z  67-26 

0  24-64 

Z  75-86 

0  19-571 

Z  .  80-43 

G:  16-30 

Z\  .  1S8-79 


! 
I 
} 
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TabIiB,  2lj6.— Hbat»conducting  Powkb  of  Alloys  Ceont.y 


Alloy. 


Actual 

Proportions  Relative 
per  Cent.,       '  Conducting 
by  Weight.       j  Power. 

I  Silver =1000. 


6.  ^ne  and  Copper 

The  following  iMiTe 
excess  of  copper :— : 

Zn  Cu«  , 
Zn  Cu^ 
Zn  Ca*  . 
Zn  Cu» 


Calculated 
Conducting 
Power. 


} 

I 


0 

z 

0 

z 
c 
z 

0 


66-oe 

25-52 
74-48 
20*44 
79-56 
17-05 
82-95 


I, 


621 

638 


666 


715 


748 
764 


770 


780 


7.  Com  mei^cial  Alloys. ! 
«  YeUow  biass I  [ 


"  Fumps      and  f 
pipes'*  .  . 

Mud  plugs"  V  t| 
Large     bear-  j 


Copper  (>4  0  | 
Zinc  5(;-0  J 
Copper  80   ^  I 


558 


'  712 

1' 


mgs 


91 


Tin 
Zinc 
Lead 
Copper 
Tin  — 
Zinc 
Copper  84 -05 
Tin  12-82 
Zinc  5-13 


5 

7-5 

7 

80 
10 
10 


426      1  7(fr 


—894-  -  !■  '^^y^^ 


845 


751 


///.  Amalgams  (^Compounds  of  Mfifcury)^  Solid  and  Semi 
Solid,  in  tohieh  there  is  an  Excess  of  the  Amalgamated  Metal 


8.  Amalgams  of  Tin, 
Hg  Sn*  . 

Hg  Sn»  .  *  \ 

HgSn*  . 

Hg  Sn« . 


I  M 

}  T 

(  M 

I  M 

4  T 


45188  ) 

54-12  j 

$6*18  t 

6g*82  / 

29*84  f 

70M6  / 
26-88 
74-62 
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Table  2d6.^HEAT-coNi>uoTZ^6  Powee  op  Ali^ots  O^imtX 


Allot. 


Proportions 
per  Cent, 
by  Weight. 


9.  AviaLgavis  oj  Zinc 
Hg  Zn^  . 

i     Hg  Zn» . 

Hg  Zn* 

Hg  Zn»  . 


M 

Z 

M 

Z 

M 

Z 

\r 

z 


39-37  I 

54-70  ( 

45-30  ) 

43-50  / 

56-50  ) 

38-11  / 

01 -81)  I 


Actual 

Relative  J  Calculated i 
Conducting  (Ck>ndQCtiiig| 

Power.      I  Power. 
Silver  =1000. 


9^7 

10-  45 

11-  00 

13-95 


8-97 
10*05 
12-08 
1305 


10.  Amalgams 

Hg  Bi* 

Hg  Bi>  . 

^Bi*  - 
Hg  Bi"  . 


I  B 

I  B 

(  M 

I  B 

i  f  M, 

I  B 


81-82  ) 
68-18  ] 
23?86  I 
76-14  ( 
19-03  .  |. 
80:97-/,! 
16-82  '  I  • 
84-18  ) 


215 

2-6 

2-55 

* 

2-85 


1-87 
1-89 
1-90 
1-91 


COMBUSIIOK.— EUELS. 


Comlmstioii. 

'  The  volume  of  air  consumed  chemically  in  the  combustion 
of  fuel  is  expressed  by  the  formula  : — 

,  A=:1'52(0+8H— 40)   .      .      .  (1) 

•  AsYolumejof  air  as  at  BS''  F.,  and  under  one  atmosphere  of 
j^ressure,  in  cubic  feet^  per  pound  olfnel. 

A' = weight  of  air  as  at  62°  F.  per  pound  of  fueL 
.  Cspeicentage  of  constituent  carbon* 
j  H = percentage  of  constituent  hydrogen* 


.  Oss  percentage  of  conatitnmt  oxygen. 
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The  weight  of  the  air  thus  foiuid  by  Yolome  is  equal  to  the 
Yolame  divided  by  18*14.  Or  it  is  found  directly  by  the 
formula : — 

A'=*116(C+3H--40).      .      •  (2) 

In  these  formulas  the  heat  evolved  by  the  combustion  of  the 
sulphur  constituent  is  not  noticed,  as  ,jt  is  trl^ng  in  pro- 
portion.       *  .      .  , 

The  volume  of  the  volatile  or  gaseous  products  of  the  coax* 
plete  combustion  of  one  pound  of  a  fuel,  as  at  62**  F.,  at 
atmospheric  pressure^  is,  by  formula, —  . 

V» 1-620 +5-53H      ...  (3) 

The  wei^t  of  the  gaseous  products  is,  by  formala,7- 

V=yolume  of  gaseous  products,  in  cubic  feet. 
tD= weight  of  gaseous  products,  in  pounds. 
C  =  percentage  of  constituent  carbon. 
*  Hspero^tage  of  constituent  hydrogen. 

The  Yolume  at  any  other  temper^i^re  is  found  by  the 
formula  for  expansion  of  volume  of  gases,  p.  474« 

The  proportion  of  free  or  unconsumed  air  usually  present 
in  the  gaseous^  products  is  deternun^  t>y  multiplyuig  thp 

Sercentage  of  oxygen^  found  by  a^jrsis,  by  4'35.   The  pro- 
uct  is  the  percentage  of  free  tat  in  parts  of  the  whole 
mixture.  .  , 

The  heat  generated  by  combustion  is  as  follows : — 

»  Carbon      .       .      .       .    14,500  heat-units  per  pound.  • 
Hydrogen      ....    62,000     •  „ 
•Kulphur     .      .      .  4,000  „ 

The  heating  power  of  fuels  containing  carboy  a2^d,hydr()g!e|i 
\b  approximat^y  expre8se.d  by  l^he  forj^l^  :  ' 

*  fts^MS  (0  +  4-28H)    .      .     V.   .  (5) 
in  which  A  is  the  total  heat  of  combustion. 

•  The  evaporative  efficiency  for  one  pound  of  fuel  is 

«=15(G4-4-28H).      .      .      ..  (6) 


e= weight  of  water  evaporable  from  and  at  212%  in  pounds, 
per  pouujdlof  fuel. 

The  moaimum.  temperature  of  combtistion  of  carbon  is 
about  5000*'  F. ;  and  tbatof  bydrogou  is  about  5800'''F.  - 
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Fuels. 

Coal  consists  mainly  of  carbon,  which  varies  from 
60  per  cent,  to  80  per  cent.,  by  weight,  of  the  fuel.  Lignite 
or  brown  coal  contains  from  56  to  76  per  cent,  of  carljon.  The 
average  composition  of  British  coal  is,  say,  80  per  cent,  of 
carbon,  5  per  cent,  of  hydrogen,  IJ  per  cent,  of  sulphur, 
li  per  cent,  of  nitrogen,  8  per  cent,  of  oxygen,  and  4  per  cent, 
of  ash.  The  fixed  carbon  or  coke  averages  01  per  cent.  The 
average  specific  gravity  is  1*279  ;  average  weight  of  a  solid 
cubic  foot,  80  pounds  ;  and  of  a  cubic  foot  heaped,  50  pounds  ; 
average  bulk  of  one  ton  heaped,  44^  cubic  feet  ;  equivalent 
evaporative,  efficiency,  15*40.  pqunds  of  w^tei  per  pound  of 
coal,  from  and  at  212^  F. 

Bituminous  coals  hold  from  6  per  cent,  to  10  per  cent,  of 
water  hygroscopica^j Welsh.  co£^l8.  ixom.  |  {ijer  ceut.  to 
2f  per  cent. 

Colw  contains  from  85  to  97J  per  cent,  of  carbon  ;  from 
f  to  2  per  cent,  of  sulphur,  and  from  IJ  to  14^  per  cent,  of  ash. 
The  average  composition  may  be  taken  as  93 J  per  cent,  of 
carbon,  1;^  per  cent,  of  sulphur  ;  o.i  per  cent,  of  ash.  It  weighs 
from  40lbs.  to  oOlbs  per  cubic  foot  solid,  and  about  BOlbs. 
broken  and  heaped.  The  volume  of  1  ton  heaped  is  from 
70  to  80  cubic  feet ;  average,  75  cubic  feet.  Coke  is  capable 
of  absorbing  from  15  to  20  per  cent,  of  moisture.  There  is 
ordinarily  from  5  per  cent,  to  10  per  cent,  of  hygrometric 
moisture  in  coke. 

Lignite  or  hrown  coal  consists  chiefly  of  carbon,  oxygen, 
and  nitrogen  ;  averaging  in  perfect  lignite,  69  per  cent,  of 
carbon,  5  per  cent,  of  hj'^drogen,  20  per  cent,  of  oxygen  and 
nitrogen,  and  6  per  cent,  of  ash.  The  weight  is  about 
80  pounds  per  cubic  foot.  Imperfect  lijgnite  weighs  abput 
72  pounds  per  cubic  foot. 

Aitjikaltc  consists,  in  round  numbers,  of  79  per  cent,  of 
carbon,  9  per  cent,  of  hydrogen,  9  per  cent,  of  oxygen  and 
nitrogen,  and  3  per  cent,  of  ash.  It  w^eighs  atK)ut  66.  .pounds 
per  cubic  foot. 

Woods  of  various  kinds  arc  approximately  the  same  in  com- 
position, averjiging,  when  perfectly  dry,  50  percent,  of  carbon, 
(.>  per  cent,  of  hydrogen,  41  per  cent,  of  oxygen,  1  per  cent,  of 
nitrogen,  and  2  per  cent,  of  ash.  Green  wood  when  cut  down 
contains  moisture  to  the  extent  of  45  per  cent,  of  its  weight. 
Wood  kept  in  a  dry  place  holds  from  15  per  cent,  to  20  per 
cent,  of  water.  In  a  closely  packed  pile  of  wood,  consisting 
of  uncloven  stems,  the  interstitial  space  is  about  SO  per  cent, 
of  the  gross  bulk.  A  cord  of  pine-wood,  in  the  United  States 
of  America,*  is  4  feeti  by  4  feet     8  feet,  and  hasia  volume  of 
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128  cubic  feet.  Its  weight  averages  2,700  pounds,  or  21  pounds 
per  cubic  foot.  A  "  corde  "  of  wood,  in  France,  has  a  volume 
of  4  cubic  feet  metres  or  141  cubic  feet.  Ordinarily  dry  wood, 
iiT  France,  averages  20  pounds  weight  per  cubic  foot  heaped, 
or  114  cubic  feet  per  ton  heaped. 

TV(wd  charcoal^  as  manufactured  in  the  forests,  consists  of 
79  per  cent,  of  carbon,  2  per  cent,  of  free  hydrogen,  11  per  cent, 
of  hydrogen,  oxygen,  and  nitrogen,  and  8  per  cent,  of  ash  :-f- 
.  average  composition.    The  yield  of  charcoal  varies  from  17  to 
■'21  per  cent,  in  weight  of  the  wood,  which  is  a  mixture  of  oak, 
beech,  poplar,  willow,  and  elm.    The  weight  of  charcoal  a^ 
•manufactured,  heaped,  is  14  pounds  per  cubic  foot ;  in  small 
pieces,  heaped,  25  pounds  per  cubic  foot.    The  bulk  of  1  ton 
•heaped  is  160  cubic  feet  and  88*5  cubic  feet  respectively. 
'Charcoal  holds  generally  10  or  12  per  cent,  of  moisture.      '  ' 
%    Peat,  cut  and  dried,  has  a  specific  gravity  varying  froi^ 
.•22  to  1*06,  Ordinary  air-(dried  peat  holds  from  20  per  cent,  to 
^30  per  cent,  of  its  gross-  weight  of  moisture.    Perfectly  drv 
•peat  contains,  on  an  average,  59  per  cent,  of  earbonv  6  per  ceni. 
of  hydrogen,  SO  pfer  cent',  of  oxygen,  IJ  per  cent,  of  nitrogeri, 
and  4  per  cent,  of  ash.    The  weight  of  one  cubic  foot,  heaped 
k>r  stalked,  is  from  6  pounds  to  22^  pounds  per  cubic  foot;  or, 
the  volume  of  One  ton  is.from.STO  cubic  feet  to  100  cabtefeei 
Condensed  peat,  such  as  is  macerated  and  mixed,  weighs  frbnji 
'44  to  o  7  pounds  per  cubic  foot' stalked,  or  the  volume  is  froifi 
.61  to  40  cubic  feet  per  toa. 

j  Peat  eharcbal  is  yielded  at  the  rate  .of  from.  30  per  cent,  r 
'40  percent,  by  weight  of  good  peat..  It  contains  from -85  to 
^90  per  cent,  of 'Cavbon,  -fltfd  from  10  to  15  per  cent;  of  Bshk  :  j 
;  Sti'tm,  in  its  ordinary  state,  cooisists  of  about  16  per  e^hC. 
.of  water,  36  per  cent,  of  carbon,  5  per  cent,  of  hydrogen^^ 
38  per  cent*  of  oxygen,  \  per  cent,  of  nitrogeuj  and  4^  percent. 
:of  ashi.   Pressed  straw  weighs  from  6  pounds  to  8  pounds  per 

'  cubic,  foot..      .^^m^  ^  mm  wmmm      m.  *  ...      «...•     m^m  ^  m.    w-mtm^m         »   .  wf.  «   ■  ' 

Petroleum  consists  of  about  85  per  cent,  of  carbon,  13  per 
cent,  of  hydrogen,  and  2  per  cent,  of  oxygen  having 
'87  specific  gravity,  and  weighing  8*70  pouuds  per  gallon. 
Petroleum  oils  consist  of  about  78  per  cent,  of  carbon,  and 
27vpef^^ettt/'bi>.b}^iogea  ^  ijlk^idg  >7i  sp«rffici>§ra¥ity,  i[nd 
weighing  7*10  pounds  per  gallon. 

&al  Oae^  which.  viU  be  ^tic^  m  detailr  consists,  in  round 
numbers,  of  12  per  cenij  of  olefifant  gas,  53  per  cent  of  marsh 
gas,  14  per  cent.  t)f  cai4>Otiio  <o)cide,  8  per  cent,  of  hydrogen, 
6  per  cent,  of  nitrogen,  aiid  at  rnn^l  fra<$tion  of  oxygen. 

For  the  abov^e-namt^'  fdelsli  the"  Heat  of  Combo^tfbn  is 
recorded  iii  Tahlle  29t;  with  the  quantity  of  air  dh^mic^llv^ 
consumed.  '  '  .  J  .   •  . 
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Table  267.— Heat  of  CoMBitSTib^  of  Fuels.* 
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Warming  and  Ventilation. 

Tlie  q^fuitity  of  ajr  require^. ^qi?  vc^tjiliitiont  of  bAiil<|ing&  is 
variously  estimatfsd  ai-frpon  3^  cubic. feet  to  20  cabie  feet 
per  .miaute,  or  Irom  3iO  to  1,200  axibic  leet.per  }^ar  per 
head  o£  inmatea  in  -ordi^^ry  gpq^  health.  Inpohlic  schools, 
1,800  cabic  feet  per  hour  per  head  is  rccommeiide^  i  for 
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tboatres  and  concert-halls,  from  1,500  to  3,000  cubic  feet;  for 
hospitiy;?,  from.  4,000  to  (>,000  cubic  feet.  For  each  Jiwap  or 
gas-barner  employed,  from  30  to  60  oubiofeet  per  hour  should 
be  piwided. 

In  warming  dwelling-rooms  by  open  coal  fires  and  by  close 
stoves,  the  results  qf  the  tests  made  by  Mr.  D.  K.  Clark  for 
the  Smoke  Abatement  Committee,  showed  that  the  heat  of 
combjistion  was  distributed  as  f<^ow<:~ 

>He«itj»r]iedup  tbechlnmey  \  43  24 
Radiated  and  conducted  heat  |  ^2  54 


..  al(60atbed  by  the  walls  . 

Heat  lost  by  radiation  and  con-' 
duction  externally,  and  heat 
lost  1^  impell^ti9Qrf|rf>:eof»- 
bustion    .      .  . 


15  22 


100  '  100 


The  grates  and  stoves  were  tested  in  rooms  15  feet  squaxe, 
17  feet  total  height ;  having  3,G00  cubic  feet  of  capacaty. 

Open  Grates*.   Close  Stoves. 

^  Average  weight  of  Wallsend  coal  1    3,^-  3.^7 
consumed  per  honr  .      .  uvuaw. 

Average  rise  of  temperature  main*  I  i  A.ua«  ir      ^7.'7±^  v 
tained  in  the  room     :      .  J  loaa  i?.  .  17 

'  'Average  rise  of  temperattn'e  main-  i 

tainted  per  lb.  of  coal  consumed  J-   3-22'  %       ^'iB^  P. 
•    pefhonr  .      .      .      ,      .J  ' 

It  was  shown  that,  of  the  open  grates,  those  constructed  on 
the  principle  of  drawing  the  combustible  gases  through  the 
incandescent  fuel,  were  the  most  efficient  ;  and  that,  of  these, 
the  best  were  those  in  which  the  fresh  fuel  was  siip[)lied  below 
the  fire,  the  combustible  irases  rising  upwards  through  it. 
Ordinary  opeu  lires,  having  either  bottum  giids  or  solid  lloors, 
were  the  least  eifective  for  warming  relatively  to  the  quantity 
of  coal  consumed  per  hour. 

The  efficiency  generally  varied  inversely  as  the  depth  of  the 
smoke-shaile  at  the  top  of  the  chimney. 

The  velocity  and  temperature  of  (lrau<rht  in  the  chimueyi 
'which  was  Sf  inclies  in  diameter^  were  as  follows  : — 

• 

Opiiu  Gmtos.  Close  Stoves. 
Velocity  of  draught  in  feet  per  |  ^  ^ 

minute 
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Open  Orates.  Close  Utov«8. 

Temperature  in  chimney.       .    .  197" F.        200*  F. 
Actual  volume  of  gases  passed  j 

up  the  chimney  in  cubic  feet  I  9,400  ft  6|880  £tw 

per  hour  .       .       .       .      .  ) 

Equivalent  Tolumci  as  toT  62**  F.  (•  „  -  ^ 

in  cubic  feet       .      .       .    .f  '>*'^  "  w 

Equivalent  volume,  pef  lb.   ot\  ^^^^ 

coal,  m  cubic  feet    .       .       .J  »       »»  „ 

Percentage    volume    o£    burnt  (  ffr^^n^  191^^^^t.i. 
gases  in  chimney  .  •    .       .    .[  ^poroettt  12  J  percent 

Percentage  volume  of  atmospheric  J        *  ^-^ 
air  in  chimney  .      .      .  ,    •  J-  ^'  »' 

Beating  by  Stwn  C<  Steam  "O- 

•  * 

In  heating  buildings  by  steam,  the  boiler  power  and  pipe 
surface  depend  much  upon  the  kind  of  building  and  the 
situation.  If  heating  be  done  by  indirect  radiation,  from 
50  to  100  per  cent,  more  heat  is  required  than  for  direct 
radiation. 

IvULE. — For  (linrt  radiating  surface.  Add  together  the 
area  of  glass  in  the  vrindows  in  square  feet,  the  volume  of  air 
in  cubic  feet  required  to  be  chan<?ed  per  minute,  and  one- 
twentieth  of  the  surface  of  external  wall  and  roof.  Multiply 
the  sum  by  the  difference  between  the  required  temperature 
of  the  room  and  the  minimum  temperature  of  the  external 
air ;  divide  the  product  by  the  difference  between  the 
temperature  of  the  steam  in  the  pipes  and  the  re(^uired 
temperature  of  the  room.  The  quotient  is  the  required 
radiating  surface  in  square  feet. 

Each  square  foot  of  radiating  surface  gives  off.  in  average 
practice,  three  heat-units  {)er  hour  for  each  degree  of  difference 
of  temperature  between  the  steam  inside  and  the  air  ootsicle  ; 
varying  50  per  cent,  more  or  less.  ' 

In  indirect  Jicatin//,  the  efficiency  of  the  radiating  surfncc 
increaBes,  and  the  temperature  of  the  air  diminishes,  when 
the  quantity  of  air  passed  through  the  coil  increases.  Thus, 
one  square  foot  of  radiating  surface,  with  steam  at  212*  F.. 
will  heat  100  cubic  feet  of  air  per  hour  irom  32"  to  150*  ;  or 
300  cubic  feet  from  32"  to  100**,  in  the  same  time.  Small 
pipes  are  more  effective  than  large  pipes.  When  the  diameter 
is  doubled,  20  per  cent,  additional  surface  should  be  allowed  ; 
•for  three  times  the  diameter,  30  per  cent. 

One  square  foot.of  boiler  surface  can  supply  to  from,  t  to 
10  square  feet  of  radiating  surface.  Each  horse-power  of  boiler, 
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— measuTed  by  tke  evi^MnnuCian  of  SOpoundfii  of  watei*  tmder 
75  lbs.  pressuve,  per  liottr^will  supply  tdfrom  2#0  to  860  feet 
of  1-inch  steam  pipe^  or  from  80  to  120  8C[iiare  feet  of  radiating 
surface. 

Under  ordinary  conditions,  one  faoTse-power  wUL  heat 
various  buildings  as  follows : — 

Cubic  feet' 

Brick  dwellings,  in  blocks,  as  in  cities   .  15,000  to  20,000  « 
stores.      .      .      .      .         .  10,000 to  15,000  ; 

„  dwellingfci,  exposed  on  all  sides,  .  10,000  to  15,000  - 
„    mills,  shops,  factories,  ita  •  .    7,000  to  10,000 

'   Wooden  dwellings,  exposed  .  *    •    7,000  to  10,000 

l^oundries  and  wooden  shops^  •  .  .  jS,000  to  10,000  i 
Sxhibijtion  buildings,  largely  of  glass    .  i;000  to  Ip^OOO  ! 


i  Heating  Xooms  by  Hot  Water. 

Mr.  Hood  allows  one  square  foot  of  direct  heating  surface  of 
boilers,  or  three  square  foet  of  flue-surface  for  every  40  feet 
of  I -inch  pipe  containins:  hot  water  for  heating  buildings  ;  and, 
allowing  about  10  pounds  of  good  coal  consumed  per  hour  per 
square  foot  of  tire-grate,  20  square  inches  area  of  grate  suffice 
for  heating  40  feet  of  4-inch  pipe. 

Mr.  Jones  makes  the  following  allowance  of  fire-grate  per 
100  fe^t  of  4-iuch  pipe,  for  diiferent  kijads  of  boiler  : — 

Grate-area. 

rial  II  saddle  50  square  inches.  . 

•  Gheek-end  saddle     .      .  •    %     -  45 
Chambered  saddle.      .  .   40       '  * 

Double-chambered  saddle '      .   .   85  .  *} 

Trentham  vertical  cylindrical      .    35  „ ,        „  , 


■ 

Mr.  Hood  gives  the  following  rule  for  the  length  of  4-iuch 
•pipe  required  to  heat  1,000  cubic  feet  of  air  per  minute  : — 

Multiply  the  volume  of  air  in  cubic  feet  to  be  warmed  per 
minute,  by  the  difference  of  the  temperature  in  the  room  and 
the  external  temperature,  and  by  0'5f),  and  divide  tlie  product 
by  the  ditference  of  the  internal  temperature  and  that  of  the 
^ipes.    The  quotient  is  the  length  of  4-inch  pipe  in  feet. 

The  following,  in  Table  268.  are  a  selection  of  values  calcur 
ilated  bv  this  rule  ; —  ' 
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TABL&  268.— Length  ov  4«ikoh  Pipe  to  Hbat  1,000 
CuBiO  PsET  OF  Air  pee  Minute. 
  Temperature  of  the  Pipe.  200'*  F. 


1 

Kxtemtl 

Temperature  of  the  Boom  (j^'ahr.). 

Tempera- 

— _ 

■ 

.  — — — 

1 

ture. 

fiO* 

.....  

65* 

60* 

65* 

«  70* 

'  76* 

'  80* 

' —  1 .1. 

•  Falir. 

Feet 

Feet. 

Feet. 

Feet 

Feet. 

Feet 

Feet 

10 

150 

174 

200 

229 

259 

.  .292 

328 

16 

127 

151 

176 

204 

233 

1  265 

800 

20 

112 

135 

160 

187 

216 

247 

281 

24 

1)7 

120 

144 

170 

199 

229 

262 

32 

67 

89 

112 

137 

164 

,  193 

225 

40 

37 

58 

80 

1U4 

129 

.  157 

187 

44 

22 

42 

64 

87 

112 

139 

168 

■  •  • 

19 

40 

62 

86 

112 

140 

:>2 

•  •  • 

11 

32 

54 

77 

103 

131 

Mr.  Jones  gives  the  followiug  Table  269,  for  appproximate 
lengths  of  4-iiich  pipe  required  for  every  1,000  cubic  feet 
The  required  ieugtha  i^aay  be  varied  Iq  suit  special  couditionb. 


*Table  269. — Length  of  4-Inch  Pipe  required  fob 


every  1,000  Cubic  Feet. 


BuUdiug. 

Teuipevature 
Required. 

Leogth  of 
FTpe. 

'Fahr. 

Feet. 

Public  buildings      .       .  . 

55 

()  to  7 

Workshops,  warehouses,  »kc.       .  . 

55' 

6  to  7 

Schools,  churches,    offices,    bed-  i 

60 

7to  8 

rooms,  &c.  .       .       .       .       .  J_ 

Shops,  waiting  rooms,  &c.  .       .  1 

60 

10  to  11 

Living  rooms  .       .       ,       ;  •  * 

10  to  11 

Drying  stoves  (closed  rooms)     .  . 

100 

100 

„            *  •                i.  % 

110 

120 

•      49           '     '     ^        •  99  .... 

120 

170 

• 

130 

240 

Conservatories,  greenhouses,  »kc. 

45  to  50 

35 

Ferneries,  kc  

50  to  55 

40 

Yiueries,  stoves  .  ....... 

55  to  60 

45 

•»        '  ?»           •      •      •    ■  • 
Orchids,  stoves  ..... 

60  to  65 

50 

65  to  70 

55 

»j         »  .... 

70  to  75 

60 

Pineries,  forcing  houses      .       .  . 

75  to  80 

70 
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HEAT  IN  FURNACES.  493 

^  Distxibution  of  Heat  ^  Fvrnaces. 

'  ^  In  melting  pig-iron  in  an  ordinary  cupola  by  the  combustion 
,  '  30  per  cent,  of  its  weight  of  coke,  Peclet  estimated  that 
''^-l:  per  cent,  onlj  of  the  heat  of  combustion  was  i^ctually 
tilised. 

In  an  ordinary  metallurgical  re-heating  furnace,  one  ton  of, 
--oal  is  consumed  in  heating  1|  tons  of  wrought-iron  to  the* 
-'elding  point,  2.700°  F. ;  showing  that  only  4j  per  cent,  ofi 
he  whole  heat  generated  is  appropriated  by  the  metal.  ' 
■  Barely  1^  per  cent,  of  the  whole  heat  generated  is  absorbed  ? 
n  melting  pot  steel  in  ordinary  furnaces.    In  the  Siemens' 
•egenerative  furnace,  a  ton  of  steel  is  melted  for  the  combus-| 
;ion  of  12  cwts.  of  small  coal,  showing  that  6  per  cent,  of  thCj 
3 eat  produced  is  utilised.  j 
Sir  I,  Lowthian  BelFs  estimate  of  the  distribution  of  heat  in! 
\  blast  furnace  from  Durham  coke,  which  contains  92*5  per: 
cent,  of  carbon,  for  the  production  of  1  ton  of  pig-iron  is  asj 
-follows  • — He  assumes  that  o0*4  per  cent,  of  the  carbon  of  the? 
fuel — Durham  coke — which  escapes  in  a  gaseous  form,  is 
carbonic  acid  ;  and  that,  therefore,  only  51 '27  per  cent,  of  the. 
heating  power  of  the  fuel  is  developed,  and  the  remaining 
48*73  per  cent,  leaves  the  tunnel  head  nndeveloped.  He 
adopts  as  a  unit  of  heat,  the  heat  required  to  raise  the 
temperature  of  112  pounds  of  water  V  centigrade.  To 
'  produce  1  ton  of  pig-iron  there  arc  required  11  cwts.  of  lime- 
stone  and  49  cwts.  of  calcined  ironstone.    The  ironstone  con- 
sists of  18*6  cwts.  of  iron,  9  cwts.  of  oxygen,  and  21*4  cwts.  of 
earths.  *    •  '        '  •  •  ' 

jPbr  1  tm  of  JRig'Ifan, 

Units.  Fercont'' 

r     Evi^xatioD  of  water  in  poke  And  chemical )  40354  54.1 

action  in  Bmelting  •  '  ,      .      *      ./  ' 

iSision  of  pdg-iion .      .      •      •      .   <  6,600  7*4 

Fusion  of  Blag  «  15,356  17-2 

Expansion  o{  blfist       .      «      ,      ,  •  3,70Q  '4*1 

For  direct  woiOc  of  furnace .      •      .    74,010    82*^  ' 
l40ssbj  radiation  through  the  walls  p  ^,600 
Carried  awaj  by  tuyere  water  .  »  1,800 
Sensible  heat  of  gaseous  products  .  10/)00  . 


— n  

Waste  •      •      .      .     *,  .  .     15,40m  17-2 


Total  heat  g^emted  in  the.fa^aoa      89410  liOO-O 


494       WARMING,  VENTILAllON,  COOKING-STOVES. 

Ctes-Reating  StOTes  and  Fir^i. 

The  results  of  Mr.  D.  K.  (  lark's  tost-trials  of  Gas-Heating 
Stoves  and  Fires  of  various  classes,  are  summarised  in 
Table  270, 


Table  270.— Average  Kesttlts  of  Test-Tbials  of 

GAS-HEATIKO  STOVEa  AKD  FlEEB. 


1 

!  1 

■ 

• 

Gas  per 

Si>ace  per 

Teiii> 

niffe> 

;  Hour 

Cubic 

Ex- 

pf ra- 

rence, 

Gas 

I>er 

Foot  of 

* 

ternal 

ture 

or  Ele- 

Con- 

Degree 
of  £le- 

tiU8  per 

Tem- 

in  the 

vntioii 

sumed 

I'loiir  r»«»i 

• 

■ 

«ure> 

Te8^ 
ins 

of 
Tern- 

per 
Hour. 

\*atio9 
of 

Degree  of 

pBoom. 

pera- 
inre. 

Tempe- 

v#v#i,a 

rature. 

«  •  •  > 

Tcm- 
pevyitiire. 

'  '  *        •    'i'p  Fahr. 

r  Fahr. 

•  Fahr. 

Cub.  FtlCub.  Pt. 

Cub.  Ft. 

1.  Close  stoves  .      »      .  ♦  67'1 

64*3 

.7-2 

218 

II.  Open  stoves 

Asbestos  fuel  stoves  . 

57-4 

72  1 

14-7 

28-7 

2-05 

175 

Tile  stoves  . 

5\)-7 

69-2 

9-5 

1(3-9 

1*84 

195 

III.  Gas  baskets  or  gas  fires : 

Reflector  stoves    .  . 

68-7 

66-5 

7-8 

11-1 

1-66 

232 

.Gas  fires 

56-8 

C3-7 

7;9 

•12-2 

1-67 

229 

The  volatile  of  the  test^o^room  was  about  3,600  cubic  feet. 
The  con8am(>tioo  of  gas  per  hour  per  degree  of  etef ailiioQ  of 
temperature  is  the  me^jsure  ot  relative  effectiveness showing 
that  the  reflector  stoy^  were  most  e£^f3Ctiv<e^  consuming 
about  li  cubic  feet  of  gas  per  hour '  per.  degre.6.  Gas  baskets, 
or  gas  fires,  were  practically  of  equal  efficiency  with  the 
reflector  stoves.  Next  in  order,  are  close  stoves,  then  tile 
stoves  ;  and,  lastly,  asbestos  fuel  stoves,  consuming  2  cubic 
feet  of  gas  per  hour  per  degree. 

The  ventilation  of  the  room,  as  dependent  on  draught  in  the 
chimney,  averaged  from  6,000  to  1(»,000  cubic  feet  of  air,  as 
at  62*"  F,,  per  hour  :  showing  that  a  volume  of  air  of  from  twice 
to  thrice  the  capacity  of  the  room,  was  passed  up  the  chimney 
per  hour.  By  the  natural  draught  in  the  chimney  indepen- 
dent of  the  augmentation  of  draught  by  the  stove  heat, 
2,400  cubic  feet  of  air  passed  up  the  chimney  per  hour. ' 

The  average  efficiency  of  the  stoves  was  upwards  of  90  per 
cent.  ;  or,  less  than  10  per  cent,  of  the  heat  generated  was 
wasted  up  the  chimney.    •  ' 

Cooldxig  Banges. 

From  the  average  results  of  tests  of  Cooking  Banges  at  the 
'^moke  Abatement  Exhibition,  it  appears  that  a  joint  the 
■rloiii  weighing  12^  lbs.,  andasam]^  of  pufiE  pastry  fo&owing 
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:he  joint,  were  roasted  and  baked  in  two  hours,  with  a 
iousumption  of  17  pounds  of  hard  steam  coal. 

Cooking  with  CFas.* 

From  the  average  results  of  numerous  test-trials  of  gas- 
cooking  stoves,  having  burners  inside,  in  roasting  legs  of 
mutton  weigliing  from  8  lbs.  to  9  lbs.  each,  the  loss  of  weight 
"  aud  net  weight  were  as  follows 

Avi^rage  distribution  of  Joints  when  very  well  done. 

f     Joint  as  eoQkoQl      •      •      «  d  lbs*  7  oz^  or  77  per  cent. 
\      Dripping    .       .  .    •  1.       0  .12  „ 

;     Lo6& -lor  eyaporatipa     «.     »  0     15  „  .11 


.8  lbs.  6  Qz,  or  lUi)  per  G&aA,, 

The  bone  of  a  leg     mnt^n  weighed  1  poontd. 

The  average  tempezatiire  in  the' oven  was  378*"  F.  The 
average  lei^h  of  time  roasting  waa  2  hours  16  minutes  ;  or  at* 
the  rate  of  a  quarter  of  an  honr  per  p<nind  weight  of  'the 
joints  with  16  minmtes  f&s-  the  odd  6  oances.  The  average 
quantity  of  gae  eonoamed  while  roasting*  was  22*6^  cubic  feet 
of  the  average' temperature  56"  F.,  or  at  the  rate  of  2*70 
cnbic  feet  per  pound  of  fresh  joint,  and  of  10  oabic  feet  per 
hour.'  AdchDg  the  ghs  consumed  in  heating  up  the  stoves, 
which  was  an  average  of  &^40- cnbic  feet,  the  sam  is  26  cubic 
feel  of  gas  ;  the  total  average  consumption  being  at  the  ra^ 
of  3*1  cubic  feet  per  ponhd  of  the  fresh  joint*  The  average 
capacity  of  the  ovens  was  2*64  cubic  feet,  represented  nearly 
by  that  of  Davis's  No.  9  Sta^e,  which  is  22  incli^s  high  above 
the  burners,  and  14^  inches  square.  The  flavour  of  the  meat 
roasted  by  plain  gas  was  decidedly  better  than  that  '<A  the 
meat  roasted  by  atmosphevic  gas. . 

Externally  heated  stoves  consumed*  abont  one-third  more 
gas  than  internally  heated  stoves. 

The  distribution  of  the  heat  of  combustion  of  the  22  cnbic 
feet  of  gas  consumed  in  roasting  the  joint,  averaging  for 
25  trials,  was  as  follows : — 

Roasting  the  joint  . 

Carried  off  in  the  burnt  | 
gases        .       .       •    •  ) 

Dispersed  by  external 
radiation  and  conduc- 
tion.    .       ...  » 


Heat 

Oas. 

—Cabin  Feet 

Per 

Units. 

at  02°  P. 

rent. 

2,2  J3 

or 

or 

.161 

585 

n 

0*94 

)) 

10,896 

n  • 

17-52 

»• 

18,i;84 

22^-0 

j> 

100-0 

sixth  of 

the 

whole 

of 

the  heat 

*  See  Inter tiationaX  Electric  and  Gas  SxhiMUdn,  ISSSMs :  M^ort  ea  fhB 
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STEAM. 


ponemtfHl  wan  utiliscKl  in  roastinor;  that  the  proportion  of 
heat  carried  olf  in  the  burnt  gases  was  comparativelv 
insignificant,  and  that  four-fifths,  of  the  total  heat  was 
dispersed  wasteful  ly. 


STEAM. 


The  leading  properties  of  saturated  steam  are  stated  in 
Table  271  (p.  41)8).  The  specific  heat  of  saturated  steam  is 
•305  at  constant  vohime.  That  of  steam  ga8  is  ^643  at 
constant  volume,  and  '475  at  constant  pressure. 

Steam  of  from  25  lbs.  to  215  lbs.  absolute  pressure  flows 
into  the  atmosphere,  at  a  velocity  averaging  about  900  feet 
per  second,  as  calculated  for  constant  density »^ — that  is  to  say, 
on  the  assumption  that  the  steam  does  not  expand  in  the 
course  of  the  outflow.  It  actually  expands  and  attains*  a 
velocity  by  expansion  averaging  14t50  feet  per  second. 

Equivalent  Weight  of  Steam  formed  from  and  at  212°  F. — 
Let  10  =  the  weight  of  wiiter  evaporated  per  pound  of  a  fuel, 
from  water  supplied  at  the  temperature  f,  into  steam  of  the 
total  heat  H,  measured  from  32°  F.  Let  iv',  t\  and  H',  be 
the  corresponding  values  for  steam  of  any  other  ])ressure. 
Then  the  total  heat  expended  in  evaporating  1  pound  of  water 
is  H  -f  .32  -     or  H'  +  32  -  ^  ;  and 

Let  H' be  .  the  total  heat  of  steam  generated  at  212°  F.,  or 
1146  units  ;  and  t*  =  212°  E.   By  substitution  and  reduction, 

in  which  is  the  equivalent  weight  of  water  evaporated-  from 
and  at  212^  F. 

Bl7£E« — Tb  find  the  equivalent  weight  of  water  evaporated 
from  and  at  212^  .F.,  when  a  given  weight  of  water  is  sv^jplied 
at  d  given  tempfirature,  and  evaporated  under  a.  given  pr^Sr 
sure,  t— Find  in  T^ble  271,  the  total  heat  df  ' the  steam  generaiied 
at  the  given  absolute  pressure ;  add  82  to  it.  and  from  the  sum 
subtract  the  temperature  of  the  ^eed-water ; .  divide  the  re- 
mainder by  966,  and  multiply  the  quotient  by  the  given  weight 
of  water.  The  product  is  the  equivalent  weight  of*  water  as 
<)vaporated  from  and  at  212°  F. 

:  . Jfeia^? »ir,¥ripung in Bteam. 
Blow  a  quantity  of  the  so-called  steam  into^  VesBel  lioldi^^ 
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a  given  weight  of  cold  water :  noting  the  pressure  and  the 
weight  of  the  steam  blown  in,  and  the  initial  and  final  tem- 
peratures of  the  mixture.  An  addition  is  to  be  made  to  the 
initial  wxight  of  water,  to  represent  the  weight  of  water 
equivalent  to  that  of  the  vessel  containing  the  water,  in  terms 
of  their  respective  specific  heats.  A  corresponding  addition 
is  to  be  made  fox  such  portion  of  the  apparatus  as  is  immersed 
in  the  water.  '  ■ 

Let  W  =  weight  of  condensing  water,  plus  the  equivalent 
weight  of  the  receiver  and  apparatus  immersed  in  the  water. 

qo  =  wcii^ht  of  nominal  steam  discharged  into  the  Tessel 
under  water. 

W  +  to  =  gross  weight  oi  mixture,  of  nominal  steam  and 

condensing  water. 

H  =  total  lieat  of  one  pound  of  the  steam^  reckoned  from 
the  temperature  of  the  condensing  water, 

B.IV  =  total  heat  delivered  by  the  gross  weight  of  nominal 
steam  discharged,  taken  as  dry  steam. 

t  =  initial  temperature  of  condensing  water. 

t'  =  final         do.  do.  do. 

s  =  augmentation  of  specilic  heat  of  water  .due  to  rise  of 
temperature. 

L  =  latent  heat  of  one  pound  of  steam  of  the  given  initial 
pressure. 

liW  =  latent  heat  of  steam  dischai'ged  into  the  vessel,  taking 
it  as  dry  steam. 

P  t=  weight  of  priming  or  moisture  in  percentage  of  the 
gross  weight  of  nominal  steam. 

P  =  100 - [CW  +  '"J (fl-Xt *)] ■  •  .      .    ■.  (3) 

*  (  i 

Rule. — To  determine  the proportum  of  nunsture  or  priminy 
In  stemi, — To  the  rise  of  tempemture  add  the  augmentation 
of  specific  heat  of  the  water.  Multiply  the  gross  weight  of 
nominal  steam  and  condensing  water  by  this  sum,  and  deduct 
the  product  from  the  constituent  or  total  heat  of  the  weight 
discharged  into  the  vessel,  taken  as  dry  steam  ;  and  reckoned 
from  the  temperature  of  the  condensing' water.  Multiply  the 
remainder  by  100,  and  divide  by  the  latent  heat  of  the  steam 
taken  as  dry.  The  quotient  is  the  proportion  of  water  in  per- 
centage of  the  gross  weight  of  nominal  steam. 

If  tcbere  be  no  remainder,  the  steam  is  taken  as  dry.  If,  on 
the  contrary,  the  product  be  greater  than  the  constituent  heat, 
the  difference  is  evidence  of  superheated  steam,  the  percentage 
quantity  of  which  is  found  by  multiplying  it  by  100,  and 
dividing  by  the  given  constitueot  heat. 


K  K 


ttTEAM 


T A  i'>  r.  i:    7 1 .    S  .\  r r  r  a  r  k  u  St k  a  >f . 


Total 

Water- 
lumt  of 
Stcuin 
(to  raise 

TOMl- 

pera- 

tllVft  «)f 

Water 

from 
oJ  t.). 

Total 

Relative! 

Inte 

Iloat  of 

Heat  of 

One 

Density, 

or 

Y«)luine 
of  One 
Pound  of 
Steam. 

1 

Volume,  [ 
or  Cubic  1 

Proa- 
■lira 

per 
Sqtiaro 
Inch. 

Tera- 
pera- 

bteaia 
nooi 
Watfir 

sup- 
olit^d  at 

Pound  of 
Steam 
fiom 
Wat^r 

suDulicd 

,  Weight 
i  Of  ime 
Cubic 
Foot  of 
tileaiu. 

Feet  of  I 

fronl  Onel. 

Cubic  1 
.Foot  oif  i 

1. 

2. 

• 

0.'" 

7. 

3.  • 

8. 
*  • 

9. 

i 

10.  1 

Units. 

Units. 

Units. 

Cul).  Ft 

ReL  Vol.  1 

0-5 

80*2 

47-1 

llOoNS 

726*608 

45307-5  1 

I 

102-1 

1042*9 

69-6 

1112-5 

•003027 

830-360 

20599-1  i 

115-9 

1033-2 

«3-5 

1116*7 

*0d44d3 

225-580 

140(»6-1  1 

2 

120-3 

1025-8 

93-» 

1119-7 

^)0581 1 

172  080 

10730-0 1 

2v 

1019-9 

102-0 

1122-5 

•007109 

13!)-488 

8(>97-8  1 

141G 

1015-0 

1 09-(» 

1124-6 

:00851 1 

117-500 

7826-5 1 

3r> 

147-7 

1010-(i 

ll5-« 

1120-4 

•009839 

101-032 

6337-3  j 

4 

15H-1 

1000-8 

121-3 

1128-1 

•01116 

89032 

5589-0 1 

157-1) 

1U03-4 

120-2 

1129-0 

•01246 

80-231 

5002-6  1 

5 

l(>2-3 

1000-3 

130-0 

1130-9 

•01370 

72^991 

455 1-31 

;>'.) 

l(>6-4 

997-4 

134-7 

1132-1 

-01505 

06-428 

4142-11 

(i 

1 70-2 

994-7 

138-0 

1133-3 

-01034 

01-201 

3810-21 

t;:> 

173G 

992-3 

142-0 

1134-3 

-01762 

50-701 

3539-3  1 

7 

17(>-y 

990U 

145-3 

1135-3 

•01889 

52-930 

3300-9  1 

7-5 

180-0 

987-8 

148-5 

1130-3 

•02016 

49-610 

3093-4  1 

S 

182-9 

985-7 

151-5 

1137-2 

•02142 

46-080 

2911-1  1 

185-7 

983-8 

154-2 

1138-0 

-02208 

44-097 

2749-7  1 

9 

188-3 

981-9 

150-9 

1138-8 

-02394 

41-777 

2005-0 1 

0-5 

190*8 

980-1 

159-4 

1139-5 

•02547 

39-2(;i 

2448-1  j 

10 

193-3 

97S-4 

101-9 

1140-3 

•02042 

37-845 

2359-8  1 

10-5 

195-0 

970-7 

101-3 

1141-0 

•02707 

36-145 

2253-8  1 

il 

197-8 

975-2 

100-5 

1141-7 

•02890 

84-599 

2157-4  1 

ll'O 

200- 1 

973  0 

168-8 

1142-4 

-03026 

33-045 

2060-5  1 

12 

202-0 

972-2 

170-8 

11430 

•03137 

31-879 

1987-71 

1^-5 

204-0 

970-8 

172-8 

1 143-(; 

-08260 

30-<i78 

'  191801 

13 

205-9 

909-4 

174-8 

1 144-2 

•03382 

29-573 

1844-01 

13-5 

207-8 

968-1 

170-7 

1144-8 

•03504 

28-530 

1779-41 

14 

209-fi 

960-8 

178-5 

1145-3 

•03627 

27-573 

1719^1i 

14-7 

212-0 

965-2 

180-9 

1146-1 

•03797 

20-300 

1642-01 

15 

213-1 

904-3 

1821 

1146-4 

•08870 

25-843 

1611-61 

i&. 

216-3 

962  1 

185-3 

1147-4 

•04112 

24^20 

1516*3  li 

17 

219-(> 

959-« 

188-5 

1148-3 

-04253 

28-613 

146^-1  II 

222-4 

957-7 

101-5 

•04594' 

21-766 

1357-4 1! 

to  . 

225*3 

955-7 

194-4 

11501 

'«04884 

J20-687 

1290K)l 
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Table  271. — SATUBAsnsix  Stbam  (pofUinu&d). 


Total 

Water- 
heat  of 

Stonm 
(to  raise 
Tem- 

Total 

i  ! 

Relative  ^ 

Abso- 

Latent 

Heat  of 

Density, 

t 

Volume»  I 

IntA 

Pres- 
sure 

Toin- 

Heat  of 

Steam 
from 

One 

Pound  of 
Steam 

or 

Weight 
of  One 

Volume 
of  One 
Pound  of 
Steam. 

or  Cubic 

Feet  of  . 
Stoani 

pel 
S(iuare 

turcs* 

»  aior 
sup- 

pera- 
ture of 

from 
82*  F.). 

from 
Water 

vtUOlC 

Foot  of 

11  om  v/ue  j 

Inch. 

pliufl  at 

supjflied 
at  82**  F. 

Stenm. 

Foot  of 

82  F. 

Water. 

2. 

6. 

.7. 

8. 

8. 

9. 

10. 

Libtf. 

Laiir. 

Liuts. 

Units. 

• 

XT  :a 

Units. 

Ll.s. 

-  - 

Cub.  Ft. 

Ill  1*1 

.'.)«>  O 

11'/  J 

1  1  ''\n><k 

1  li>U  J 

•0.j074 

19-710 

1  ZZu  U 

U"!  1  'tl 

»'•>  I  y 

1  UO*v^ 

1 VJ  o 

1  1 1 1  •  7 

•O08II 

18'828 

1  1  7  J  .A 

,F.)U  z 

1  1  rt9."v 

-Oi)i>49 

18*022 

1  1  00. Q  I 

1  llo  0  J 

Oil  1.7 

I  1  ■^^•9 
1  I>>o  Z 

•0.)  /  8() 

17  282 

1077-() 

9J. 

9*i7«C 

'.>4<;-<j 

207-0 

1  loo  \f 

•0()U28 

ir)-()08 

1 1 1*^  ^'9 

9i(l«1 

t  209-8 

1  1  .)-t  t> 

-0()259 

15-977 

u<wt>9 

•)  1  9*'{ 

1)48-7 

l211-(; 

1  l.>t>  t) 

-0()495 

li)*40l 

(hill-9  i 

1)42-2 

j  218-(> 

J  J  i>.>  0 

•0(w28 

1 4-8f>8 

09<v*ti  ) 
0;/+  0  } 

9vi 

y40-8  I215-(i 

•069 /I 

14-84.> 

9(1 

939-4 

•217-7 

•07196 

1389(> 

0()T)  0  > 

I  9V 

937-9 

219-9 

-07430 

13-459 

Ot>5f  Z  , 

I  111 

• 

936-7 

221-7 

1158*4 

-076^* 

13*050 

oli>  / 

93.5-B 

223-6 

1158*9 

-07894. 

l'2-666 

loSTo 

934-0 

225-5 

1159*5 

-06128 

12-300 

7  Of  1 

932*8 

227-2 

I160-D 

•0835B 

1 1-964 

259*3 

931-6 

228-9 

1160-5  P0859O 

1 1*640 

'70R.A 

€R>« 

260U 

930-6  • 

230-5 

1161-0 

►  08821  '11-337 

I  ot 

262r6 

929-3 

232-2 

1161-5 

:-09050  ill*05t) 

OoSI  U 

264*2 

928-2 

233*8 

1162-0  • 

-09282  1 10*773 

266-8  1  927-1 

23(5-4: 

1162*5: 

09610  •  lO-olJ? 

OOO'I) 

•ill 

267^H 

^  926-8 

236*9 

11(52-9 

-09740  !  10-267 

04U  2 

•»  1 

2C>H-7 

1)241) 

-288-5 

11(18-4 

•0994B . 

10-054 

OJO*» 

49 

270-2 

923-9 

289-9 

ii(;8-s 

•1020 

9*806 

111  I.J 

ul  1  4 

'rt» 

271-<> 

922-9 

211-8 

ii(;4-2 

•1042 

9592 

oyo  l 

i  J 

27H-0 

921-9 

242-7 

ii(;4-(> 

•J0(>5 

9-88r, 

274-4 

920-9 

244-2 

11(15-1 

•1088 

9- 191 

J)  <  0  1  ( 

Hi 

275-8 

919-9 

245-r, 

ii(;5-5 

1111 

9008 

Oh  1  4  j 

277-1 

919-0 

24r,-9 

lU)5-9' 

•1181 

8-821 

27S-4 

918-1 

248-2 

lHJ()-8 

•115(; 

8-(>50 

*  41) 

270-.7 

917-2 

249-5 

llOG-7 

•1179 

8-482 

528-9  ' 

50 

2S1-0 

91(;-8 

250-8 

iir,7-i 

-1202 

8-822 

518-9 

r>i 

282-;} 

9ir)-4 

252-1 

11(17-5 

•1224 

8-170 

51)9-4  : 

52 

2S3-5 

91 1-5 

258-1 

lHi7-9 

•1247 

8-021 

500-2  ' 

.  53 

284-7  i 

913-6 

254-7 

11G8-3  ; 

-1269 

7-880  1  491-3  : 

K  K  2 
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00  KTBAM. 


! 

1 

1 

1 

Total 

Water, 
heat  of 
Steam 
(to  raise 
Tern- 

1 

1 

i 

RaIm^  i  VP 

A  Vma* 

lute 

Pres- 
sure 

1 

peni- 

Latent 

H<;at  of  1 
JSt«'aiii 
fro  HI 

Hftat  of 

One 
Pound  of 
8tcam 

Dfinsitv 

or 
Wci-ht 
of  One 

1 

Volmue 
of  One 
Pound  of 
Steam. 

OP  dihic 
Feet  of 
Steam 

per 

tores. 

Water  ,  ^^^^ 

from 

Cubic 

from  One 

5(|uarft 

snji- 

Water 
frniil 
82"  P.). 

Water 

Foot  of 

Cubic 

Inch. 

plie<i  at 

supplied 
at  82'  V 

oteauK 

Jhoot  ot 

^' 

*> 

0.  1 

^- 

Q 

10. 

Libs 

^  Falir. 

Units 

<J  1 1 1  Ln« 

Units. 

, — 

Cub  Ft. 

Re  I  Vol 

54 

285-9 

912*8 

255*8 

1168*6 

*1292 

7*741 

482-7 

55 

287*1 

912^ 

267-0 

1169-0 

*1314 

7*610 

474*5 

56 

288*2 

911*2 

258*1 

1169*3 

•1887 

7*482 

466*6 

67 

289*3 

910-4 

259*3 

1 169*7 

*1867 

7*370 

459« 

58 

290*4 

909*6 

260-4 

1170-0 

*1382 

7*238 

461*3 

69 

291*6 

908*8 

261*6 

1170*4 

*1404 

7*123 

444*2 

60 

292*7 

908*0 

262-7 

1170*7 

*1426 

7*011 

437*2 

61 

293*8 

907*2 

W  W  *  mm 

263*9 

mm%^%M  m0 

1171*1 

1  *1449 

6*902 

430*4 

62 

294*8 

906'4 

265*0 

!  1171*4 

1  '1471 
:  *1498 

6*798 

423*9 

63 

295-9 

905-6 

266*1 

1171*7. 

6*696 

417*6 

64 

296-9 

904*9 

V  >/  mm 

267-1 

1172-0 

i  *1516 

6*596 

411-3 

65 

298-0 

904-2 

mf  \J  JL  mm 

208*1 

1 1172-3 

•1588 

6-502 

405-4 

66 

2990 

903-5 

20 9  1 

1172-0 

•1560 

6-410 

399-7 

67 

300-0 

902-8 

270-1 

1172-9 

•1583 

0-318 

394-0 

68 

300-9 

902-1 

271-1 

1 1 73-2 

-1004 

6-233 

388-7 

61) 

301-9 

901-4 

272-1 

mm  f  mm  JL 

1 173-5 

•1027 

0-147 

383-3 

70 

302-9 

900-8 

273-0 

mm  f  •  ^    ^  ' 

1173-8 

-1650 

6-059 

377-8 

71 

303-9 

900-3 

273-8 

•  1174-1 

•1071 

5^984  • 

373  1 

72 

304-8 

899-() 

1  274-7 

,    mm  #    X.  • 

;  1174-3 

-1093 

5-905 

368-2 

73 

305-7 

898-9 

275-7 

1174-0 

•1716 

5-829 

303-5 

74 

300-0 

898-2 

270-7 

1174-9 

•1738 

5-754 

358-8 

75 

307-5 

897-5 

277-7 

1175-2 

-1700 

5-683 

354-4 

70 

308-4 

890-8 

278-0 

1175-4 

•1782 

5-610 

349-8 

77 

309*3 

890-1 

279-0 

1175-7 

-1803 

5^544 

345-7 

78 

310-2 

895-5 

280-5 

1170-0 

•1820 

5-470 

341-5 

79 

311-1 

894-9 

281-4 

1170-3 

•1848 

5411 

337-4 

80 

312-0 

891-3 

282-2 

1170-5 

•1870 

5348 

333-5 

81 

312-8 

893-7 

283-1 

1170-8 

•1892 

5^280 

329-0 

82 

313-0 

893-1 

284-0 

1177-1 

-1912 

5-230 

326-1 

83 

314-5 

892-5 

284-9 

1177-4 

•1930 

5-167 

322-2 

84 

315-3 

892-0 

285-0 

1177-0 

•1957 

5-109 

318-5 

85 

310-1 

891-4 

280-5 

1177-9 

•1980 

5^052 

315-0 

80 

310-9 

890-8 

287-3 

1178-1 

•2001 

4-990 

311-5 

87 

317-8 

890-2  . 

288-2 

1178-4 

•2023 

4-942 

308-2 

PROPEHTIEb  OF  bTEAM.  oOl 


TaiU.K  27!.— SaTTTK \TKT>  Strait  (rnnrn)vrtj'). 


1 

Total 

Water- 
heat  of 
steam 
(to  raise 
Tem- 
l^era- 
ture  of 
Water 

Total 

Relative 

1  Abso- 

Latent 

Heat  of 

Density, 

Voluine, 

1  lute 
1  Prea- 
1  sure 

1 

Tem- 
pera- 
taves. 

Heat  of 
Steam 
fttm 
Water 
sup- 

One 
Pound  of 
Steam 

from 
>>  u  wrr 

or 
Weight 
of  One 

Cubic 

Volume 

of  One 

L  ounu  OI 

Steam. 

or  Cubic 
Feet  of 
Steam 

from  One 

1  luch. 

plied  at 

su]i])lied 

Steam. 

Foot  of 

32"  F.  i33-F^^ 
fi.     '  7. 

• 

at  32^  F. 

Water. 

1  1. 

2. 

S.  1 

8. 

■  ■ 

10. 

1  libfi. 

Fahr. 

Uuits. 

Units. 

Units. 

Lbs. 

Cub.  Ft. 

Bel.  Vol. 

1  88 

318*6 

889-6 

289*0 

1178-6 

•2046 

4-889 

304-8 

1  89 

319-4 

889-0 

289*9 

1178*9 

•2067 

4-837 

301-6 

1  90 

320*2 

888-5 

290*6 

1179*1 

•2088 

4-790 

298-6 

1  91 

821*0 

887*9 

291*4 

1179*8 

•2111 

4-737 

295*4 

1  92 

321*7 

887-3 

292-2 

1179*6 

•2133 

4-688 

292*3 

1  93 

322*6 

886*8 

293*0 

1179*8 

•2164 

4-642 

289*4 

1  94 

323*3 

886*3 

293*7 

1180*0 

•2176 

4-596 

286-5 

1  95 

324^1 

885-8 

294*6 

1180*3 

•2198 

4-649 

283*7 

1  96 

324*8 

885-S 

295*8 

1180*5 

•2220 

4*505 

280-9 

1  97 

325*6 

884-6 

296*2 

1180*8 

•2241 

4-462 

278-2 

1  98 

326*3 

884-1 

296*9 

1181*0 

•2263 

4-419 

276*5 

1  99 

327-1 

883*6 

297'!6 

1181*2 

•2286 

4-375 

272-S 

1  100 

82f7*9 

883-1 

298*3 

1181*4'  ^ 

►  •2307 

4-335 

270-S 

1  101 

828*5 

882*6 

299*0 

1181*6  1 

1  -2329 

4-305 

267-8 

1  102 

329-1 

882-1 

299*7 

1181*8 

•2350 

4-256 

265-4 

1  loa 

329*9 

881*6' 

300*4 

1182*0 

-2372 

4-216 

262-9  i 

1  104 

330-6 

881'1 

•301*1 

1182*2 

«2393 

4178 

260-5 

105 

331^3 

880*7 

301*7 

1182^4 

•2415 

4-140 

268-2 

1  106 

331*9 

880*2 

302^4 

1182*6 

•2437 

4-104 

256*9 

1  107 

332-6 

879*7 

303*1 

1182*8 

•2458 

4-068 

253-6 

1  108 

33^*3 

879'2 

303*8* 

1183*0 

*2480 

4*033 

251-4 

1  109 

3340 

878*7 

304«6 

1183^ 

•2502 

3-998 

249-3 

1  110 

334*6 

878*3 

305*2 

1183^ 

r2523 

3-963 

247-1 

1  111 

335-3 

877*8 

305*9  • 

1183*7 

^2645 

3-930 

245-0 

1  112 

336-0 

877*8 

306*6 

1183*9 

*2566 

3-897 

243-0 

1  113 

336*7 

876*8 

307*3 

11841 

'2588 

3-866 

241-0 

1  114 

337*4 

876*3 

308^ 

1184*3 

*2610 

3*832 

238-9 

1  115 

338*0 

876*9 

308^ 

1184*5 

•2631 

3-801 

237-0 

1  116 

338*^ 

875*6 

309*2 

1184*7 

-2653 

3-770 

235*0 

1  117 

339*3 

875*0 

309-9 

1184*9 

*2674 

A. Hit  •  A 

3*740 

233*2 

1  118 

339-9 

874'5 

310'6 

11854 

^^2696 

3*710 

231*8 

1  119 

340*5 

874*1 

811-2 

1186-3 

•2717 

'3*681 

229*5 

1  120 

34M 

87S-7 

311*7 

1185-4 

•2738 

3*652 

227-7 

1  121 

341*8 

873*2 

812*4 

1185-6 

•2760 

3*623 

225-9 

i_.'iyui^uo  i_y 


Google 


•02  tt'iEA.M. 


Tabllj  271.--Satubatbi>  Steam  (cmtinued). 


1 

Total  1 

Water- 
heat  of 

Steam 
[to  raise 
Teir.-  1 
pera-  ' 
ture  of 

»  Huer  ] 
from  1 
82*  F.).' 

— ! 

Total 

1 

4?elative 

Abso- 

Latent| 

Heat  of 

Density, 

Volume, 

lute 

Heat  of  1 

One 

or 

Volume 
of  One 
Pound  of 
Steam. 

or  Cubic 

X  ruB- 

Tatm. 

Pound  of 

Weight 

Feet  of 

sure 

per 
Square 
Inch. 

1 

pera-  ! 
tures. 

1 
1 

1 

1 
1 

from 
Water 
sui»- 
plied  nti 
32T.  ; 

Steam  1 
from  1 
Water 
supplied 
at  82'  F. 

of  One 
Cubic 
Foot  of 
St<eain. 

Steam 
irorn  uno 
Cubic 
Foot  Of 
water. 

1. 

1 

6.  1 

7.  . 

S.  ' 

8. 

10. 

Lbs.  , 

■  - 

•  Fahr.  1 

Units,  j 

Units. 

.Units. 

Los. 

Cub,  rt. 

Kei.  Vol. 

122  ' 

tj42S*4 

872-H  ' 

313-0 

I  1  Q^<Q  * 

I I  o.>  0  < 

y..'^0'» 

123 

34o() 

872*/J  i  3ia-7 

1  1  Q<!'A  • 

J  1  ob  U  . 

*-t'^(i7 

999^J. 

124  : 
|2(> 

34o*t) 

871-9  i  314-3 

1  1  Ull'O 

1 1 00  ^ 

4.1 
t>  • '  -t  1 

o44'Z 

871-5 

314-9 

1  1  Qlt'A 

«>  1 >  I  T 

91  Q«l 

126 

oil  .£> 

344*8 

871-1 

315-5 

1  J  00 

0  TOO 

91  7'ri 

127 

o4o"4 

870-7 

310-1 

1  1  'tlii.'Si 

I  1 00  0 

*-l-i("i9 

91  '-^-ft 

128 

n4<>  0 

870-2 

310-7 

I  1  U^t'O 

I I  oi)  y 

•901  i  \ 

.)  dtOO 

9 1 4-3 

129 

•)  1 /•  .i* 

o4o  0 

8()9-8 

317-3 

1  1  Q7.1 

Z  ."0  I 

•^41  1 

919-7 

130 

0  1  T.O 

8()y-4 

317-9 

J  1  0  <  0 

«)  000 

91 1 -a 

131 

•>  1  7.0 

8()0-0 

31S-5 

1  1  07.;^ 

•907  J. 

^•^09 
0  t>n-» 

900-7 

1S2 

0  1  u.o 

o4n\i 

8fi8-() 

319-0 

1  1  Q7-(l 
1 1 0  /  0 

•900^\ 

^•'-i*4k 

139 

8G8-2 

319-0 

1  1  1  U7.Q 

I  41<^/  0 

•UAl  7 

0  0 1  •  > 

1«54 

o4y  J) 

8()7-8 

320-2 

4  4  00  U 

.•JAOO 

•-^•901 

1.70 

oov'i 

;  8G7-4 

821  )-S 

44oo  Z 

.>UOU 

^•9^5^ 
0  ^Uo 

13b 

.•>i)UM» 

807-0 

321-8 

1  too  f> 

'^•91fi 
1)  Zt') 

000.4 

til" 

IH/ 

•J  -  1 .  »"> 

8GG-6 

321-9 

4  J  00  ;> 

1  •UHi9 

9l  1 1  *() 

JoS 

i  •>  "■  I  .  c 

1  00  I  0 

8G()-2 

322-5 

1  too  / 

1  *)0-0 

lOi) 

ooZ  4 

8(;5-8 

3231 

1  i  00 

.140 

'  0.)-;  I' 

8()5-4 

323-0 

4  loU  yf 

•m  rtfi 

141 

]  di)»5  n  . 

805-0 

324r2 

•*^l  87 

}  |->.)4:  0 

804  •() 

1  324-8 

1  1  o;t  4 

*M  1  7 

1  Q4-3 

1  o.»4  «)• 

804-2 

'  325-4 

i  1  1  Q0'('. 
1  \ 10 J  u 

J44 

803-9 

1325-8 

1  1  U(1.7 

•'^9nl 

•i.A7^t 

0  v>  1  u 

1   1  01  'A 

14i) 

j  oo;>  () 

803-5 

'  320-4 

1  1  V20>0 

4 1 0  J  y 

•*-^9  79 

1  on-r* 

14o 

di)n  1 

803-1 

;  320-9 

1 1  on 'A 
4  4yu  U 

'^•(»-^7 
0  1 

JO.' 

"11"? 
147 

802-7 

1  327-5 

4  19U  J 

•^•f)l  7 
0  1 

1  00  1 

148 

802-3 

328-0 

1  1  OA«Q 

1  ••-i*-?Sii 
1  OoOO 

1 .90- 

J  Oil  «.' 

Hi' 

.>•>  /  0 

801-9 

328-0 

14  JU  0 

i>»)0< 

1  ><'»-7 

loO 

o.>o  .1 

801-5 

329-2 

1  S4-fi 

801-1 

329-8 

1190-9 

-3400 

2-941 

183-4 

359-5 

800-7 

330-3 

1191-0 

-3421 

2-923,  . 

182-2 

1  :>8 

3G0-0  • 

800-4 : 

330-^^ 

1191-2 

•3442 

2-905 

181-2 

154 

3G0-5 

800-0 

331-4 

1191-4' 

•3403 

2-887  , 

1  180-0 

361:4 

86a-<^  J. 331-5^,  i  119(1 -fj 

♦•a4«4 

2-a7Q 

i  170-0  1 
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Table  271.— Saturated  Steam  {ooutimed). 


Abso- 
lute 
Fres- 
Bure 
per 

Square 


1. 

libs. 
1 5(5 

157 
158 
159 
160 
105 
170 
175 
180 
185 
190 

im 

200 


.  t 


Tern- 
pera- 
tums. 


Total 

Latent 
Heat  of 
Steam 
from 
Water 
sup- 
plied at 
t  H2'F. 


«5. 


Water-  i 
heat  of  I 
Steam  ; 
(to  raise' 
Tem- 
pera- 
ture of 
Water 
from  t 
32'  F.). ! 

7.  I 


Total 
Heat  of 

One 
Pound  of 
Steam 
from 
Water 
supplied 
at  32°  F. 

3. 


Density, 

or 
Weight 
of  One 
Cubic 
Foot  of 
Steam. 


"  Fahr. 

Units. 

Units. 

Units. 

859-2 

332-5 

lli)l-7 

302- 1 

858-9 

332-9 

1191-8 

3r)2(; 

858-5 

333-5 

1 1 92-0 

303- 1 

858-1 

334-0 

1192-1 

363-r> 

857-8 

334-5 

1 1 92-3 

36()0 

856-2 

336-7 

1192'9 

368-2 

854-5 

339-2 

1193-7 

370-8 

852-9 

341-5 

1194-4 

372-9 

851-3 

343-8 

1195-1 

375-3 

849-6 

34()-2 

1195-8 

377-5 

848-0 

348-5 

1196-5 

379-7 

846-5 

350-7 

381-7 

845-0 

352-8 

1197-8 

I-bs. 
•3505 

•3527 
•3548 
•3569 
-3590 
•3G96 
-3801 
-3905 
•4011 
•4115 
•4220 
•4324 
•4410 


Volnme 

of  One 
Pouud  of: 
Steam. 


0. 

Cub.  Ft. 

2-8:>3 

2-836 
2-818 
2-802 
2-785 
2-706 
2-631 
2-559 
2-493 
2-430 
2-370 
2-313 
2-263 


Relative 
Volume, 

or  Cubic 
Feet  of 
Steam 

ftwmOne 
Cubic 
Foot  of 
Water. 

10, 

Rel.  Vol. 
177-9 
176-8 
175-7 
174-7 
173-7 
168-7 
164-1 
159-7 
155-5 
151-5 
147*8 
144-2 
141-1 
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.  Steam  Sngiaas. 

The  work  oi  steam  in  tliecyliudcr  is  in  two  parts  : — the  work 
<luring  admission,  and  the  work  done  during  expansion  after 
the  steam  is  cut  off. 

The  absolute  work  done  during  admission  is, 

aP^,  or  a  P(r  ~  c)  .      .      .       ...      .  (1) 

The  absolute  work  done  diuiiig  expansion  to  the  end  of  the 
stroke,  is. 

«P;  +  hyp.  log.  R'      ,  ,  .....  (2) 

Here,  for  purposes  of  calculation,  the  hyperbolic  law  of  e^^- 
pansion  is  assumed  ;  according  to  which  the  pressure  varies 
inversely  as  the  volume. 

The  sura  for  these  two  quantities  gives  the  total  absolute 
work  for  one  stroke  :  or,  by  reduction, 

w==:aF[r  (1  +hyp.  log.  W^-c]     ,       .       .       .  (3) 
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In  this  expression  an  absolute  vacuum  for  the  whole  of  the 
return  stroke  is  supposed.  But  there  is  the  work  of  back 
pressure  of  exhaust  and  compression  to  be  deducted  ;  that 
is : — 

7n'  —  aj/lj   .  (4) 

and  the  net  work  is  ?/•  -  ?r',  or 

W  =  «[P  (r  (1  +  hjp.  log.  IV)  -r)-j/  L]  .        .    .  (5) 
In  this  expression  it  is  assumed  that  the  whole  of  the  steam 
is  expande  l  to  the  end  of  the  steam-stroke  :  or  that  there  is  no 
material  loss  by  eommencing  the  exhaustion  of  steam  before 
the  end  of  the  stroke. 
L  =  length  of  stroke,  in  feet. 

7  ^  period  of  admission,  or  length  cut  oft,  excluding  clearance, 
in  feet. 

=  total  clea range  for  one  end  of  the  cylinder,  in  parts  of  a 
!foot  of  the  stroke. 

•    L' =3  length  of  stroke  plus  clearance. 
Z'  =  period  of  admission  plus  clearance. 
R'=:  actual  ratio  of  expansion. 
^  =  area  of  ])iston.  in  square  inches. 

P  — absolute  pressure  during  admission,  supposed  uniform, 
iin  pounds  per  square  inch  of  piston  area. 
'  7;  =  average  absolute  positiye  pressure  for  the  whole  stroke, 
•in  pounds  per  square  inch. 

;/  =  average  absolute  back  pressure  for  whole  stroke,  in 
pounds  per  Ht^uare  inch. 

tt;  —  whole  abflQlute  work,  for  Qne.fii;roke,  per  square  incby  in 
foot  pounds. 

— absolute  work  of  back  pressure  for  one  stroke,  per  square 
inch  in  foot  pounds. 

W=»net  work  for  one  stroke  per  square  inch  in  foot  pounds. 

»= number  of  double  strokes  or  revolutions  of  the  engine. 

The  net  horse-power  of  a  double-acting  steam-engine,  for 
which  the  work  has  been  calculated  as  above,  is  expressed  by 
the  following  quantity 

33000  l(>60a  ^ 

To  calealate  the  net  horse-power  frokn  the  ordinary  indicator 
diagram,  in  which  all  deviations  from  the  above  ideal  per- 
formance are  aggregated,  find  the  effective  mean  pressure 
P^^  square  inch  on  the  piston  for  t^e  whole  of  the  stroke, 

IM^.=.^^  -1''^  ^^JLl^ilg ;  or       .  (7) 

33000         .  ^  ^ 

it»')UO  .  •  ^  ^ 
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In  pzaqti^y  tlM9  Tftlae  taken  by  direot 

neasorements  of  the  net  area  ol  pressure  ckcumscribecl  by  the 
iiagram. 

*  ♦ 

Table  272.— Wobk  of  One  Potmn      Steam  in  the 

Ctlinbeb. 


Point  of  Admission, 
oar  CQt-oC  . 


Per  ceut. 
DO 
80 
75 
70 

()2r> 

()0 

.).) 

50 
45 

40  " 

8  70 

33-3 

30 

25 

20 

i<;-7 

14-3 
1 2-5 
111 
10-0 

y-0 

8-3 
7-7 
7-1 
0-7 
G-4 


I'raction. 

or 


» 


it 


» 

>? 

>> 

»• 

•1 

>» 

>J 
»» 

it 


3 


i 


■1 

S 

To 
1 
4 

i 
i 

1 

1 

11 

1* 

1  c. 


Total 
Absolute 
Wofk 


8i;eam  per 
Total 

Absolute 
Horse- 
power per 
•  Hour. 

>  -  . 


Average  ' 
Total  Ftes* 

sure,  that  for 
100  per  cent 
Admission 
being  I  000. 


Ft.  Lbs. 

Pounds, 

I 

4- 

1 

/»•)       11"    J  V 

().-), 8')0 

;u-o 

•99(> 

/0,24n 

28-2  ■ 

•980 

/3,51.i 

20-9 

•969 

/  7,212 

25-() 

i 

-yo3 

24-9 

1 

•942 

8o,0.>5 

(  23-8 

I 

1 

•92o 

8.>,125 

;  23-3 

•Dlo 

22-2 

•o88 

1)4,200 

21-0 

•poO 

1)8,841) 

20-0 

1 

oil 

lU4,4Ui> 

'    1 9-0 

lot 

107,050 

18-5 

I 

•766 

112,220 

17-7 

•726 

110,885 

10-9 

f 

•692 

!  124,060 

1 0-0 

•037 

132,770 

14-9 

•507 

138,130 

14-34 

1 

•520 

142,180 

13-92 

•488 

1 40,325 

13-53 

1 

•457 

148,940 

13-29 

•4.^2 

,  151,370 

13-08  : 

1 

1 

-413 

152,595 

12-98 

•398 

,  155,200 

12-75 

•381 

;  156,960 

12-61 

•309 

1 157,975 

12-53 

! 

t 

•357 

158,414 

12-25 

f 

•348 

'  150,433 

•  n-83 

•:U2 

Net  Capacity  of 
Cylinder  per  lb. 

of  100  lbs. 
Steam  (absolute 
pi^essure)  adn 
mitted  in  one 

strokb.^^':. 

Cubic  Feet. 
4^45 

 "4-98 

5'2(i 
5-03 

5-  87 

6-  23 
6-47 
6-98 
7^61 

8-  30 

9-  23 
9-71 

10-  72 

11-  74 
13-50 
10-19 
18^21 
20  23 

22-  25 

23-  87 
25-49 
20-71 
28-33 
29^54  ' 

30-  70 

31 -  57 

32-  38 


The  absolate  work  done  by  obc  pound  of  steam  o£v  absolute 
pressure  varying  from  65  lbs.  to  160  lbs.,  .worked  expansivelyi 
with  the  *  consumption  per  absolute  hoise-poWe#  'ave  gi^ 
approximately  in  the  Table  272.  No  correction  need 
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for  clearance  space,  nor  f  )r  the  resistance  of  compression,  as 
'the  period  of  compression  can  be  so  adjusted  that  the  loss 
by  resistance  is  compensated  by  the  gain  of  exhaust  steam 
shut  into  the  cylinder.    But,  for  the  back  pressure  of  exhaust, 
whether  from  tlie  coiidensLT  or  from  the  atmosphere,  suitabl-j 
allowance  is  to  be  made.    The  pressure  during  admission  into 
the  cylinder  is  supposed  to  be  uniform  ;  and  the  steam  5 
jBupposed  to  be  expanded  to  phe  end  of  the  stroke. 
^  Ilie  values  in  tne  Imit  column. — ^net  capacity  per  pound  ol 
^steam  of  lOi^lbi;.  absolnte  pressure  per  square  incli-^TO  to  be 
kuodifled  fbr  steam  of  other  'ppessntes '  in  the  ratio  of  the 
jiroluin^;^  of  100  lbs.' steam  to  that  of  steam  of  other  pressures, 
u'he  multipliers  are  here  g;iven  for  absolute  pressures  of  from 
^51b8.  t<}4<>01b8.  :^ 


FreiiHtii«s. 

Mattip1i«)«. 

1-50 

1-40 

75 

80  - 

lii4 

85.. 

1-17 

PreRfluri!!!.  'MultiplierB.  Pressiu^sjMnltiTilfer 


90 
1)5 

loo 

no 

120 


1 


•781 
•730 


*  The  ellective  mean  pressure  in  ordinary  non-condensing 
cylinders,  with  oidinary  8lid<;-valve  and  excentric  motion,  or 
n  like  motion,  working  at  average  speeds,  is  given  approxi- 
^atcjy  by  the  equation 


j!>s=13-5Va"-2S 


•  ^aeffective  mean,  pressuie,  in  per.  cent,  of  the  masdnoum 
^)ressnre'.Df  admission. 

,  aspenpd  of  admission,  in  per  cent,  of*  the  length  of  stroke. 

.  For  a  speed  of  560  feet  of  piston  per  minute,  the  formula  is 
jftpplicaWe  without  material  terror.  For  lower  speeds,  the  valiu  ^ 

Ef  the  efiEective  mean  pressures  are  slightly  too  small ;  and  for 
igher  Speeds  slightly  too 'great.  Tne' rule  applies  without 
knaterial  error  to  periods  of  admission  of  from  10  per  cent,  to 

75"per  cent.;'aintto  maxfnmm  pi^nres  in  the  cyttfldcrof  te)m 

60'lbBv(toil001be<  or  even  160  lbs.  per.6<taflre  ix^i .  . 
•  «  ' . i  .  |/'      ' 'o    .       ;    ,    •  .  •     .      .  • 

>•  The  Table  dfS  has  been*  ealoulalied  by  means  of  >  th6  above 
fi6nnnh»:j  •  r  /  .  • 
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Table  273.— EFFECTiyB,  Mean  Peessubbs  in  Non-Con- 
densing Cylinde-r,  for  vabiovs  Periods  of 
Admission,  fkom  pbactxqb. 

(*•  Railway  MachiBeiy.") 


l\;rio(l  of 


Ett'nf;ti\e  Mean 


Adiuibsiou,  iu    I  I'mssiue  in  per 
per  cent,  of  the    cent,  of  Kaximmn 
Hfi-okc.        '  Pi-68snro. 


Ptii'  Cent. 
10 

12-5 

1 7-r> 

20 
25 
30 
35 
40 
45 
50 
55 
«0 
65 
70 
To 


i 


Tor  Cent. 
15 

20 
24 
28 
32 
iO 
4G 
52 
57 
62 
67 
72 
77 
Bl 
85 
89 


lN;rio<l  of     j   Etfei^tiv*'  Mean 
Adiuii^sion,  in  |  Pressure,  in  jKirts 
parts  of  th'c       'of  '^axiinuiii,' 


Stroke. 

Fraction. 

l-lOth 
1.8th 

i.i;th 

l-5th 
l-4th 

•  •  • 

l-3rd 


1-  2iid 

•  •  • 

2-  drd» 
3.4th8 


Prefl»iiit». 

Fnuttlon. 

l-7th  tally 
l-:>th 

•  «  • 

1-kh 
l-3rd 

l'2'5th  part 
l-2nd 


2-3  rds 


4.5th8 


9-10 


When  gaseoas  steam  is  expanded  in  the  cylinder^  it  follows 
npproximately  the  adiabatic  law,  the-eegeatial^ oonditioa  of 
which  is  that  the  cylinder  should  he  non-comtactiyet  The 
fotmola  for  gaseous  steam  is  as  follows 

*  ^'^^'"^  W  (10) 

F= absolute  pressnre^  say  in  pounds  per  square  inch,  for  the 
given  volume  V. 
F= absolute  pre^or^,  in  pounds  {^r  . square  inch,  for  any 

other  volume  V.      '  "  '    ^   '  .       *    *  '  . 

V  =  initial  volume,. gay  14 /,  ' 
V'ssvolupie  .by  exj^an^on,  in  cubic  feet.  /" 

•  *  -  • 

Aoy  ftuini>er  of  pressuves  wdth  ^j^pa^sioB  may  be  calotf Uteri 
by  the  formula,  and  thus  the  expansion-curve  may  ;be  deter^ 
mined  <;  for  compariscta  witk  expaii^i ve  cumrea  of  ordiiiary 
pnurtioe^  xmfg  satamMrcl  ^tean).  .ir 
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Valve  Motions. 

[n  slide-valves  for  the  distribution  of  the  steam  in  the 
cylinder — taking  an  ordinary  valve  for  a  three-port  cylinder — 
the  lap,  or  cover,  is  the  length  by  which  the  valve  when  in 
its  middle  position,  overlaps  the  steam  port  at  each  end  ;  the 
lead  is  the  length  of  opening  of  each  steam  port  for  steam  at 
the  beginning  of  the  stroke ;  and  the  linear  advance  of  the 
valve  is  the  sum  of  the  lap  and  the  lead.     Inside  lap  is 


Fio.  79.— Valve-diagraui. 


occasionally  applied  to  slide-valves  ;  it  is  the  width  by  which 
the  inner  edge  of  the  valve,  when  the  valve  is  in  its  middle 
position,  overlaps  the  inner  edge  of  the  steam  port.  The 
angular  advance  is  the  angle  formed  by  the  excentric  with  its 
position  at  its  half -stroke,  when  the  piston  is  at  the  commence- 
ment of  its  stroke.     '  " 

The  movements  of  sliding  valves  worked  by  an  excentric  or 
by  an  equivalent  motion — as  that  of  ordinary  expansion  link- 
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■notions-*^may  be  estdkblished  by  meMid  of  dfagrastna,  eicempli*^ 

-fied  by  figure  79. 

To  coii0tract  this  diagram,  draw  A  B  equal  to  the  length.of 

.stndoeofthe piston^ and  bifleet  lit  at  C.  On  0 aaacentre,  with 
O  A  or  G  B  as  a  sadius^  describe  a  oisfile  i^preseating  the  path. 
o£  the  erank*pin ;  anddesejdbe  iUse  theeiiole  D  B  for  that  of 
the  centre  of  the  excentric.  Throagh  C  draw  the  perpendicu- 
lar D  £|  and  construct  a  squsEre  on  the  large  etrcle.  I^tl^e 
side  H  i  be  taken  to  represent  the  ordinary  three-ported  valve- 
lace  of  the  cylinder,  and  set  off  the  ports  and  bars  above  md 
l>elow  the  centre-line  A  B,  and  through  the  points  draw  the 

.  parallels  a,  b,  c,  e,f.  The  movement  of  the^centric  is  taken 
horizontal,  in  the  direction  A  B,  and  is  directiy  determined 
by  the  position  of  the  centre  of  the  ezcentric ;  and  that  of  the 
valve  is  for  convenience  taken  as  in  the  direction  of  B  E.  The 
middle  position  of  the  valve  is  represented  by  the  dot-lines 
across  the  diagram  parallel  to  A  B ;  which  represent  its  total 
length,  and  they  overlie  the  outer  edges  a  and /of  the  steam 
ports,  by  a  length  representing  the  lap.   For  the  first  position 

I  of  the  valve — ^at  the  beginning  of  the  stroke — it  is  placed  at  a 

'  length  equal  to  the  linear  advance,  or  the  lap  plus  the  lead, 

!  from  its  middle  position,  as  measured  on  the  perpendicular 
ilrawn  from  the  corresponding  first  position  of  the  cxcentric, 
2^0.  1.  to  the  vertical  centre4ine  E  D«  Divide  both  circles 
into  12  parts,  numbered  in  successiou  from  point  No.  1  to 

I  point  No.  12,  and  draw  radial  lines  through  the  points  of  divi- 
sion, to  represent  the  successive  simultaneous  positions  of  the 
crank  and  the  excentric.  The  transverse  lines  drawn  through 
the  points  of  division  on  the  larger  circle  parallel  to  D  E, 
represent  the  corresponding  positions  of  the  piston  during  the 
inwaixl  and  outward  strokes  ;  and  the  perpendiculars  drawn  to 
the  line  D  £  from  the  points  of  division  of  the  smaller  circle, 
measure  the  simultaneous  longitudinal  movements  of  the 
excentric,  or  the  distances  of  the  valve-edges  above  or  below 
their  middle  positions.  These  are  setoff  on  the  ordhiates 
parallel  to  D  E,  and  they  rkog^  in  elliptic  cui*ves  as  inscribed 
on  the  diagram,  representing  the  whole  movements  of  the 
Talve  for  a  double  stroke  of  the  piston,  or  one  revolution  of  the 
crank.  . 

Zeuner's  valve-diagmm  fig,  80,  affords  a  simple  means  of 
settling  the  points  of  the  distribution  of  .steam.  Draw: two 
lines,  A  B  and  0  D,  at  right  angles,  intersecting  at  0;  aild 
^ith  the  radius  A  0,  equal  to  half  the  travel  of  th^^valve, 
describe  the  circle  A  taken  to  represent  the  path  of  the 
crank-pin.  Set  off  the  diameter  a  0  a%  at  the  angle  0  0  C, 
equal  to  the  angular  advance  of  the  excentric  ;  and  on  the 
raUii «  O  and  O  a'  desorlbe  thie  circles  a  Q  and  O  a\  On.  thit 

1 

I 
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centre  O,  with  the  radius  0  b,  equal  to  the  outside  lap  of  the 
valve,  describe  a  circle  cuttine:  the  circle  a  0  at  ft  and  c  ;  and 
from  these  points  of  intersection,  draw  the  radii  O /and  0  g. 
Draw  the  diameter  O  at  right  angles  to  the  diameter  a  O  a'. 
Taking  A  B  for  the  stroke  of  the  piston,  the  point  f,  is  the 
position  of  the  crank-pin  when  the  valve  opens  for  lead  at 


'      Fia.  80.  Valvt'-dijigiaiii. 

A,  the  beginning  of  the  stroke  ;  g  is  the  position  when  the  steam 
is  cut  off ;  e  is  tlie  position  when  the  valve  ^  is  opened  for 
exhaust ;  and  d  is  the  position  when  the  exhaust  side  of  the 
valve  is  closed  for  compression.  In  this  case,  there  is  no  in- 
side lap.  '        .         '  • 

For  a  case  of  inside  lap  on  the  valve,  describe  the  circle  h 
with  a  radius  equal  to  the  inside  lap,  cutting  the  circle  0  a'  at  • 
k  and  i.  and  through  these  points  dm w  the  radii  Oj,  and  O  k. 
The  point     in  the  outer  circle,  is  the  position  of  the  crank- 
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pin  when  the  exhaust  is  opened,  and  the  point  j  ia  tbe^positioxi. 
when  it  is  closed  for  compression. 

Draw  a  parallel  A'  B'  to  the  base-line  A  B,  and  draw 
ordinates  to  it  from  the  .several  points  of  the  distribution  in, 

Table  274. — Corrections  for  the  Position  op  tm 
.  Piston,  dub  to  the  Obliquity  op  TiiK^  GoNNECTLNa- 

Oorr^GtioDs  farOoiiiieollns^Rods.of 

Scv<!ral  LeugUis  relftt^  to  the  Length 
of  the  Craiilc,  in  ]»orconfage8  of  the 
Wlioie  btroke. 


DiHtance  of  Piston  from 
Oonimeucement  of  Stroke,  as 


longitudinally  of  the  Crank, 

1 

ji  t!'       ■■.  -J  t,I 

Six  Leugt^s 

of  Cmntf 

I"  •'-):.  ■  : . '  : 

injpercentage  of  the  Stroke^ 

Four 
Lengths 
of  Ciuuk.  c 

1  ofCi'Wik,. 

Per  Gent 

1     Per  Cent. 

Per  Cent 

1   ..-T-. 

Prr  dnit 

0 

100 

0 

I  0 

I) 

2 

1)8 

04 

4 

0] 

4 

4 

9(> 

1 

04 

04 

w 

1 

iH 

1.'  ' 

r 

01 

ft  .  1^ 

8 

2 

1 

10 

90 

2* 

1 

12 

88 

2i 

li 

•       ^  14 
1} 

14 

•  8B 

2 

1(? 

84 

If 

82 

3? 

24 

2 

20 

80 

4 

2 

22 

78 

8 

^  1 

^*  r 

24 

7« 

26^ 

74 

'  2J 

2ft  ' 

12  ' 

5 

t  3i 

2i 

70 

34 

'  «8 

H 

8i 

n 

Hi 

.  66 

•If 

•'4 

3t 

5 

64 

r. 

4 

;-J8 

V, 

4 

40'  ' 

60 

(! 

4 

42 

.  58 

C'i 

44 

5(; 

4i :  ' 

•    8  i 

40  .  '  ' 

54 

r,j 

;  -  :  8,  •  IT 

48  • 

52 

50 

50 

til 

'  4i 

the  circle  A  B.  The  interBections  of  these  ordinates  with  the 
parallel  A'  B'  give  the  points  of  the  distribution  for  the  Rouble 
stroke  of  the  piston.  •  1 

The  distribution  is  affected  by  the  obliquity  of  the  connect- 


»TEAM  KNG1NEJ5  AND  JBOILBHS. 


ingf-rod,  insomuch  that  during  the  front  stroke — that  is  the 
stroke  made  towards  the  crank — the  piston  is  in  advance  of 
its  normal  position,  as  represented  by  the  progress  longitu- 
dinally of  the  crank-pin  ;  and  doling  the  back  stroke,  it  is 
behind  its  normal  position.  The  eomoliions  in  per  cent,  of 
the  stxokfl  are  given  in  Table  274,  for  thiee  different  lengths 
of  connecting-rod,  in  proportion  to  the  length  of  the  ctank. 

Sey  are  adStive  for  front  strokea,  and  stlbtracttve  tor  back 
okes.  Thery  have  been  oalcalatea  by  means  of  the  f  ormola 
(11)  (^Railway  Machinery'). 

x=a  r-  y/  ia^'-i^r^  +  Vi   .      .  (11) 

a  =s  length  of  connecting-rod  in  p^rts  of  that  of  the  crank, 
^ssdistance  of  piston  from  the  middle  of  the  stroke  as  repre- 
sented by  the  progress  longitodinalfy  of  the  crank, 
length  of  crank. 
a?=s  the  correction. 

Bnles  iox  Valves. 

•       •  • 

1.  Ibr  thf  angular  advance  of  Vie  eweentrie.  Divide  the 
finear  advanxse  by  the  half  ^travel ;  the  quotient  is  the  sine  of 
the  angle  of  advance ;  and  the  ang^Ic,  which  is  acnte^  may  be 
found  in  a  table  of  sines.  * 

2.  Mr  the  period  of  odmiiHon  or  point  of  eut-off,  Divide 
tihe  lap  by  t)be  half-travel  of  the  Talve ;  tfhe  quotient  is  the 
sine  01  the  angle  of  the  excentric  at  the  instant  of  cut*aff ;  the 
angle  ip  obtuse  and  is  found  in  a  table  of  sines.  From  this 
angle  subtract  the  angle  of  advance  as  found  by  Eule  I.  ;  the 
diSerence  is  the  angle  of  the  crank.  If  this  angle  is  obtuse, 
add  1  to  its  cosine  ;  if  acute,  subtract  it  from  1.  The  product 
of  the  stun  or  the  difference  by  50,  is  the  percentage  of 
admission. 

3.  ihr  the  period  of  compreisioTL,  Subtract  the  cosine  of 
the  angie  of  advance  from  1,  and  multiply  by  50,  to  find  the 
percentage  of  the  period  of  compression. 

These  rules  may  be  employed  for  link-motions^  and 
generally  for  all  valve-motipns  based  m  the  motion  of 
excentrics. 

By  means  of  the  first  and  second  rules,  the  following  table 
:J76,  has  been  calculated  with  a  constant  lead,  -/^j  inch. 

When  it  is  desired  that  the  lap,  lead,  and  travel  of  the  slide- 
valve  should  bear  constant  ratios  to  each  other,  the  following 
general  rule  is  useful : — 

4.  Given  the  travel,  to  find  the  lap  and  load  suitable  for  an 
admission  of  about  75  per  cent,  of  the  stroke. 

1st  for  lap,  multiply  the  travel  by  22,  and  divide  by  100, 
2nd  for  lead,  multiply  the  travel  by  7,  and  divide  by  100, 
liy  this  rule,  the  Table  27'),  has  been  calculated. 
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Table  275.— Lap  and  Lead  of  Slide-valves,  pbopob* 


Inclieb. 


Ilicll  OS. 


Inches. 


Inch. 


or 

?>  1 

Hi  (H 

•10  or 

•A 

•71  or 

1 1  1 

10  04 

•22j 
•24^ 

or 

3  1 

id  3^ 

•5 

-no 

5  :< 
10  (\i 

•11 

r  3 

id  oi 

H 

•77 

ij 

3  3 
10  0-* 

•88 

« • 

6 

in 

•12 

•  • 

I 

8 

•82 

13 

id 

•26 

1 
4 

u 

•11 

?> 

10  32 

•IH 

*  • 

1 

8 

4 

•88 

14 

10 

•28 

}  < 

1  J_ 
4  32 

2 

•41 

7 

10 

•14 

•  • 

1  1 

'  I 

-•i 

*  ^ 

1  .'1 

10 

•80 

I  3 
4  .T  i 

91 
-8 

•47 

•  • 

7  1 

Id  32 

•15 

« « 

1  1 
8  S2 

^•1 

•'.•11 

1-nO 

•81 

» « 

5 

Id 

9  1 
-4 

•50 

I 

2 

•n; 

•  % 

1  1 

«  32 

•88 

_L 

10  04 

91 
-  H 

•:)2 

)? 

J'  1 
10  <u 

•17 

1  3 

8  tii 

.) 

i-io 

•85 

>» 

A  J 

10  32 

9  • 
2 

•9,5 

a  3 
ifl 

•17 

« • 

{ 

«  Wi 

1-15 

«  » 

^  ^  32 

•87 

•  J 

.1 

8 

^  H 

•58 

A  J. 
10  d« 

•18 

3 

10 

51 

r2i 

*-10  04 

•8S 

'A 
8 

9  3 

•liO 

•  • 

-8-  ^ 

10  52 

•19 

3 

Id 

i2r) 

>> 

u 

•40 

:i  1 
8  32 

•G8 

lO 
10 

•20 

3  1 

k;  01 

(•) 

1-82 

•  « 

•42 

i  A 

3 

•G() 

10  32  1 

•21 

3  I 
10  04 

1-50 

1  -. 

H 

.Vi7 
1.  i 

^  35 

In  the  Table  276,  foUowiiifi,  is  shown  the  Tj^latife  distr^bu-] 
tion  for  a  8lide*yalve  of  the  ptdportidjos  as$umed*  i4  rule  4 
tibove ;  with  admissions  vaded  f r6m  7^*5  per  cent,  (say  75)  to 
12  per  cent,  for  the  corresponding  trplvels  ;gSyenVin  the  las 
two  columns.  '   
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Table  270.— Distribution  fok  Vakious  Travels  oi?  A 
Valve  OF  Standabd  rROPOUTioNs. ;  :  » 


Cut-otr. 


Percent 

75 
fiO 

50 
40 
80 
20 
12 


8team 
Exhaasted. 


Piint  of  * 


Point  or 


PertJ^nt  '  PerCeht 


t. 


91 

75 
68 

50 


11 
14 
20 
25 
32 
43 
50 


l^vel  of  tlie  Valvie. 
Laj)  I  Inch. 
Lead  loch. 

. 'iVr  Out.  of 
^erCentr  I   luches.    !  Muximum 

'  Travel. 


•(',2 
110 
MiO 
2-50 
4-85 
7^<>0 


3^ 

913 

^id 

24 


T 


jlOO 

83' 
'  75 
67 
62 
60 
68*3 
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TABI.K  277.     PkRIODS  of  ADMIijSlON'  FOR  VARYING 

Travels  .\ni>  T-aps  of  the  Slidk-Valve. 


J 

Lcmi  ^  inch. 


Tnivrl. 


.1. 


l^ap  in  Indies. 


n   u  1? 


r.f 


Porio<ls  of  Adniissirtu  in  Percentages  of  .Stroke. 


Incnns. 

/o 

o  1 

L 

V 

L 

-  ] 

• 

/ 

1  (I 

•  •  • 

m  m  • 

•  •  ■ 
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•  •  < 

•  •  • 

•  •  • 
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•  •  • 

•  «  • 

•  •  • 

•    •  • 

• .  • 

...  ' 

•  •  • 

1  I 

17 

't  i 

17 

•  •  •  1 

4  1 

-  •    •   •  1 

• « '• 

...  I 

•  •  • 

9 

to  V 

ill) 

iU 

•    •  • 

•  •  • 

•    •    •  * 

! 

•  •  • 

•  •  • 

•  •  • 

42 

14 

•  •  • 

1 

•    •  • 

•  •  • 

*  •  • 

•  •  • 

24 

n't 

50 

30 

•  ■  • 

( 

•    •  • 

•  •* 

1 

•  •  • 

-ft 

Oil 

38 

1J5  1 

1 

•    •  ■ 

1 ... 

•  •  • 

•  •  • 

21 

71  • 
f  1 

-f>9 

•    •    •  * 

•  •  • 

•  •  • 

•  •  • 

74 

03 

40 

3() 

12 

•  •  • 

•  •  • 

•  f 

4  *  * 

■23 

7<) 

()7 

5() 

43 

26 

•  •  • 

•  •  • 

•  •  • 

78 

70 

59 

^7 

32 

11 

•  •  • 

:  t  •  Vf 

80 

73 

(i,2 

50 

38 

28 

•  »  • 

'  .  •  • 

"Si 

81 

74 

(;5 

55 

44 

80 

10 

88 

7(> 

r>8 

50 

48 

34 

22 

•  •  » 

3i 

84 

78 

1 

()2 

51 

40 

20 

0 

H 

85 

80 

64 

58 

'  45 

34 

H 

8r> 

•81' 

1  75 

66 

^7 

49 

88 

2() 

87 

-82^-^^ 

-69- 

--ft®— 

87 

83 

78 

70 

63 

55 

46 

36 

4 
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84 

1 

72 

66 

58  , 

49 

40 

80 
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76 

70 

63 

56 

47 

on 

87 

83 
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73 

67 

61 

54 

4J 

02 
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85 

81 

70 
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03 
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83 
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67 
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80 
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78 

73 
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Table  278.— Periods  op  Admission,  or  Points  of  Cut- 


./it 


Travel 

of 
Vklve. 


Inches. 
Ti 
JO 

S 

(; 

^ 

H 

4 

.S 

2.1 


Lead 

of 
Value 


Iiicli. 


1 

1 

4 

1 
4 
1 

ft 
I 

ft 
1 
H 
I 

ft 
I 

ft 


i 

1 


Periods,  of  Adiaission,  or  ruiuts  of  Cut-off,  for  the 


of  Stroke^''' -  f  I J  iwiirnfmi  4ri 


82 
72 
.')() 

43 
14 


7, 

110 

87 
7S 
i)2 

r^G 

47 

:^") 

17 


7o 

80 
s4 
71 

i;s 

7)1 
20 


02 
88 
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77 
72 

(;<; 

7)7 
44 
23 


7. 
1)2 
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72 
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7c 
07 
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01 
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88 
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7c 
08 

07 

05 

01 

01 
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87 

m 

70 
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57 


08 
08 
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04 
04 
02 
00 
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84 
79 
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7 
00 

08 

08 

on 

Oo 
05 
04 
02 
00 
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80 
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00 

00 

08 

07 

07 

07 

0(; 

05 
Oi 
01 
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WooU  fingine; — Contiuuoas  fijy^iuigioii  in.  two  CylinderB, 

The  total  work  for  one  stroke  of  the  two  pistons,  may  be 
calculated  by  the  formula  (5),  page  504,  for  the  work  of  a  single 
cylinder. 


Beceiver  Engine  s-^ueeefeBive  Expaaiions  Uk  two  CyUndem. 

The  total  work  for  one  stroke  of  the  two  pistons,  may 
calculated  by  the  formula : — 

'  F^lXl  X  hyp.  log.  R")  -  e  (1 X  — r )  j  ■      •  (^^^ 

•  *  « 

In  the  ootistractioii  of  the  foregoing  f annnl»,  it  is  assamed 
that  the  line  of  pressure  daring  admission  of  steam  is  steighj; 
and  parallel  to  ijne  datum-line ;  that  the  expansion  carves  are 
hyperbolic  lio  the  end  of  the  strokes ; .  that  the  exhaust  is  open 
to  the  end  of  the  retnrn  strolce  of  the  second  piston  :  and  tnat 
there  is  no  back  pressure  on  it. 

The  work  of  back  pressure  is  most  directly  measured  from 
the  indicator  diagram,  iu  which'  the  other  modifications  of 
performance  dup  to  compression,  and  wiredrawing  may  also  be 
measured.  *"**  .  - 
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BaLB.~jni  find  the  indicator  horse-power  of  a  Hmle- 
ryliAder  ^edfK  'en>^i/lt$ffnm  the  ikdidntor  ditagnm-.  Multiply 
the  area  of  ^epiatJon  In  ^tMM  ihched  by  tilie  eflbctlve  mean 

{he lengjth of  the  etioke^  and  by taenamber. of  involutions  per 
^niite ;  and  divide  the  product  by  33,000.  •  Tl^e  quotient  is 
(the  indicator  horse-poira^ 

*  For  compound  and  multiple-expansion  enginesi  the  intUcator 
|x>wer  in  each  cylinder  is  calculated  separately ;  and  the  sum 
of  the  powers  thus  obtained  is  l^e  total  indicatof  horse-power. 
|When  strokes  of  the  pistons  are  eqaal,  and  if  tha  horse-powen 
pi  the  cylinders  are  not  required  separately,  it  will  suffice  to 
tnultiply  the  area  of  each  piston  by  th6  effective  mean  pres* 

E'  are ;  and  to  complete  the  palcnlation  with  *snm  of  these 
products. 

:  The  best  performaupe  of.  steam  engines  nndel:  various  con* 
bitions,  may  be  accepted  approximately  to  be  as  loUows : — 

j  Single  Cylhulevs^  not  Heain-j  ache  ted,,  rion^condcnsing. — Steam 
but  off  at  one-thii'd  of  the  stroke,  and  consumed  at  the  rate  of 
26  pounds  per  indicator  horse-power  per  hour ;  the  eflEectlYe 
pressure  during  admission  being  60  lbs.  per  square  inch. 

:  Single  CyUnders,  Uilng  superheated  steam,  noTi-eondeneing. 
i— 'With  80  lbs.  effective  pressure  of  steam  during  admis^on, 
cutting  off  at  one-fifth  ;  18|  pounds  of  steam  consumed  per 
indicator  horse-power  per  hcmr.  For  a  Tower  e&etive  meao 
pressure  of  34  lbs.  per  square  inch,  cutting  off  at  about  30  per 
cent  with  130  degrees  ox  superheat^  about  30$  pounds  of  steam 
are  consumed  per  indicator  horse-power  per  hour. 

Single  Cylifidcrs,  .steam -jacketed,  non-cimdeiising. — With 
75  lbs.  effective  pressure  during  admisdiou,  cutting  off  at  one- 
lifth,  25  pounds  of  steam  are  consumed  per  indicator  horse- 
power per.  hoar. 

Siiigle  CyWiderSi  toith  superheated  steamy  condensioff^ — 
Wi^-  65  lbs.  effective  pressure  daring  admission,  and  150 
degrees  of  saperheat,  cutting  off  at  22^  per  cent;  of  the  stroke, 
154  pounds  of  steam  are  ccmsmaed  per  indicaior  horae^power 
per  hour» 

Single  CylitiderSi  n>t  ffteam-Jaekctedf  condensing,  —  The 
cconDmical  results  are  affected  by  the  length  of  the  stroke 
relatively  to  the  diameter.  In  strokes  considerably  longer 
than  the  diameters,  an  admission  of  from  15  per  cent,  to  20 
per  cent,  is  most  efficient  for  economy.  "With  initial  steam  of 
80  lbs.  total  pressure  per  square  inch,  approximately  20  pounds 
of  steam  are  consumed  per  indicator  horse-power  per  hoar. 


L^iyiu^uo  l  y  Google' 


OOHPOUND  SNGINS8.  • 


517 


For  short -stroke  cylinders — having  strokes  c/)nsiderably 
shorter  than  two  diameters— with  initial  steam  of  73  lbs.  total 
pressure,  approjumately  25  poui^dti  .of  steam  are  consumed  per 
horse-power.  '  ' 

Single  Cylinders^  steam-javkctcd,  eondmfing,  —The  period^ 
of  admission  most  favourable  for  economy,  is  from  15  per 
cent,  to  25  per  cent,  of  the  stroke.  For  thoroughly  steam-' 
^keted  cylinderf?,  of  long  strokes,  the  longer  periods  of 
fdmission  are  preferable  ;  and  for  those  of  short  strokes,  the 
shorter  periods.  For  pylinders  jacketed  only  at  the  ^ides  or. 
^anel^  the  longer  ranges  are  preferable.  With  thoroughly* 
dteam-jacketed  cylinders  of  long  stroke,  and  steam  of  80  lbs. 
total  initial  pressure,  about  18^  pounds  of  steam  are  consumed^ 
per  indicator  horse-power  per  hoar  \  and  for  cylinders  of* 
diort  stroke^  21  pounds*   

.  WopU  CompoaAd  0tj9iMii  iGsL^es. 

'  F^portidnaUy  long  strikes,  compftaied  with  proportionally 
short  strokes,  are  conducive  to  economy.  With  a  stroke  of  five 
diameters,  and  a  total  initial  pressure  of  100  lbs.  per  square 
inch,  atid  worked 'with  12  actual  expansions,  the  work  is  done 
finrfljlx>ut  14  pounds  of  steam  per  indicator  horse-p^Wer  per 
hour«  Wil^  ft:8trete  eqiml  to  twice  the  diametei!,  IST-^  pioonda 
areooQsnmed.' 

Beeeiver  Compound  Steam  Engines. 

With  a  stroke  equal  to  from  two  to  three  diameters  of  the 
first  cylinder,  for  a  total  initial  pressure  of  from  80  ll)s.  to. 
90  lbs.  per  square  inch,  cutting  off  at  one-fifth,  and  ten  actual 
expansions,  with  thorough  jacketing  and  intermediate  heating 
of  steam,  the  work  may  be  done  with  a  consumption  of 
15  pounds  of  steam  per  indicator  horse- power  per  hour.  With 
shorter  strokes — ^from  li  to  1  J. diameters — 18J  pounds  are  con- 
sumed. Without  steam- jacketing;  the  consumption  of  steaud 
is  from  2  pounds  tb  8  pouiids  ipore. ' 

Capaeity-ratio  of  Mnltiple-Xzpaasion  OyUnders, 

For  speed  of  piston  of  from  750  feet  to  1000  feet  per 
minute,  the  capacity-ratios  of  triple-expansion  steam  engines, 
given  in  the  following  Table,  are  recommended.  They  are 
based  upon  a  wide  range  of  practice.  The  terminal  absolute 
pressure  of  steam  in  the  third  cylinder,  is  supposed  to  be 
about  10  lbs.  per  square  inch. 
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Table  279. — ^Tbiflb  -  Expansion?   Steam  Engines 

CAPAClTY.ftATIOe(  OP  CYLnn>EBS  BBOOMMBKDED. 

(Jay  M.  Whitham.) 


Gauge  Pressure  •  Capacity.R^itio^  of  Cylinders, 
per  S<iimre  Inch       — i   .  ^   


ill  the  Boiler. 


l«i(SiiiaU>.  U2n<l(JntenDediate).'  «Srd(IjM^). 


P(>und.s.  Ratio.       ,        Ratio.  Ratio. 

180  1.      ',,        2-25    .  5-00 

140  1*1      '2-40  5-86 


ir>0  I  I        2-55  6-90 

100     .       '     1'    ,  'i'*     '  ?;70       .  7-25 

and  upwaM^  I       Q«adpuple  expangkm  to  W  adopted. 


For  quadruple  txpmiAm,  with-stl^in  dt^  da^,  180  lbs.  per 
square  inch,  capacity-ratios  of  |our  cylinders,  taken  as  1,  2^  4, 
8,  are  very  suitable; . 

Ef&ciency      £notioiial  Besiatanoe  pf  fitaam  Bngiaea* 

The  frictional  resistance  of  steam  engines  varies  inversely 
as  their  leading  dimensions.  A  direct-action  engine  having  a 
4-inch  cylinder,  yielded  at  the  main  shaft  only  43  per  cent, 
of  the  indicator  power,  with  a  frictional  resistance  of  57  per 
cent. 

Eight  hoi'se-power  portable  engines,  having  9-inch  cylinders, 
yield  from  78  per  cent,  to  87  per  cent,,  with  from  13  per  cent, 
to  22  per  cent,  of  resistance.' 

Corliss  engines  having  18-inch  and  :i4-inch  cylinders,  yield 
about  90  per  cent,  of  the  indicator  power  at  the  maiu  i>liai"t; 
with  about  10  \)ev  cent,  of  resistance. 

Compound  eii,o:ines  having  fii-st  cylindei*s  of  from  12  inche.*? 
to  21  inches  in  diameter,  with  or  without  a  beam,  yield  from 
80  per  cent,  to  89  per  cent,  of  the  indicator  power. 

Rotative  pumping  steam  engines  yiehl  from  80  per  cent,  to 
86  per  cent,  of  duty ;  Worthington's  large  pumping  engines 
for  waterworks,  ^j  ield  91  per  cent.  .  ;So  ^Iso  .(Jlo  Goruj&i  pump- 
ing engines. 

•  From  the  results  of  experiments  made  by  Dr.  Thurston,  on 
the* •distribution  of  friction  in  direct-acting  non -condensing 
sfceam  edgines  having  balanced  valves,  it  appears  that  from 
40  per  cent,  to  47  per^  cent,  of  the  resistance  arises  at  the  main 
bearings  ;  a^nt  88  per  cent,  at  the  piston  and  its  rod,  7  per 
cent,  at  the  crank-pin,  5 J  per  cent,  at  the  cxossheaJ  tmd 
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gftffl'geon,  2 J  per  cent,  at  the  valve  and  its  rod.  5|  per  cent,  at 
the  excentric-stmp.  An  unbalanced  valve  absorbed  26^  per 
cent,  of  the  whole  resistance.  In  a  condensing  engine,  the' 
air-pump  caused  12  per  cent,  of  the  resistance.      '       '  ' ' 

The  frictional  resistance  of  a  steam  engine  increases  very 
slowly  with  the  load.  In  some  cases,  the  load  may  be  doubled, 
whilst  the  resistance  is  increased  by  only  one-fifth. 

Lancasliire  Steam  Boiler — Standard  Data. 

Bioiler  of  Wnrnffke-inm^^^elV  7  feet  Inr  diametev,  27  feet 
len^;  tmlfuiiiaoe«1fubeBi>8  ifeed  l^-ui<(^es  m  diametef.  i  Hhell> 
plates  ^  inchttluck  f otf  a  wovkiiigisteam'pressarerof  75  lbs.  per 
square  inch  ;  *^  isich>  thick  for  lOO-  Ibsi  pressure;   Bates  o£ 
f  urnace*tabes,  |  inch  and  ^  inch  respectively.  -  •  • .  « 

Fire-grates  6  feet  long ;  fire-bars  f  inch  thick ;  air-spaces 
between  fire-bars,  fin<^'«4de.  ' 

Height  of  flue-way  oyer. each  bridge,  14  incites;  side  flues 
fi  inches  ^ide  at  the  top  j  width  of  bottom  flue  equal  to  the 
semi-diameter  pf  the  boiler,  or  34  feet.    The  draught  passpa, 
from  the  fumace-tQl^  to  .tbc;  bottoni  flue,  tbencj^  by  the  i^ides 

to  theb^J?,  -  J     •    '  •  I  •      • .  : 

The  grate-if^ea  is  ,16.^  sq^uare  fee^  fo^  piie  furnace,  or 
33  sc^uare  feet  for  both  furnaces,  the  air-ispace  tihi'ough  each 
grAte  is  5 J  square  feet,  or  one- third  of  the  gtate-area. 

The  flue-way  over  each  bridge  is  li88  square ieet^  or.  11^  per 
cent,  of  the  grate-area — about  Jth.  ' 

Kach  fnrnace-tabc  has  ;")-94  square  feet  of  sectional  area 
beyond  the  bridge nearly  one-third  of  the  grat^-area. 

The  bottom  flue  has  7  square  feet  of  seQt^9D9J.  are%  or  fully 
one-fifth  of  the  whole  srrate  arca. 

The  side  flues  have  a  united  area  of  12^  square  feet,  or  nearly 
two-fifths  of  the  whole  grate-area.   '  ' 

Tlie  weight  of  the  boiler  is  about  12  tons  ;  with  fittings, 
15,L  tons.    The  cost  is  about  £125,  or  about  £27  8#.  pqr  ton,  or  „ 
jei6  per  lineal  foot.    '  •     •  •       '        ■      '  • 

The  heating  surface  is  850  square  feet,  or  26  times  the  grate*' 
area.  The  heating  surface  is  augmented  by  feed-water  heaters, 
f)Ccasionally  to  the  extent  of  three-fourths.  Tn  such  a  boiler, 
from  15  tons  to  20  tons  of  coal  may,  without  undue  stress,  be 
consumed  per  week  of  60  hours,  or  from  5  cwt.  to  6J  cwt.  per 
hour,  or  from  17  lbs.  to  2J^  lbs.  per  square  foot  of  fire-grate  per 
hour.  At  the  rate  of  8  pounds  of  water  per  pound  of  coal, 
this  corresponds  to  an  evaporation  of  from  70  to  90  cubic  feet 
of  water  per  hour.  *  •       .  • 

Tn  the  best  practice,  iron  boiler-plates  have  a  tensile  strength 
of  from  24  to  25  tons  per  square  iuch,  with  an  elongation  of 


Digitized  by  Google 


520 


8TEAM  JBN^WES  ^ND  UOII^ERS. 


from  10  per  cent,  to  15  per  cent »  ;  an<J  st^el  boilcaj-plates  from 
27  to  32  tons,  with  30  per  cent,  of  elongation.  For  a  7-feet 
boiler,  at  80  lbs.  pressure,  ^  inch  iron  .plates,  or  f  inch  sled 
plates  are  used.     .  . 

Tl)e  nominal  horsetpower  of  Lancasbiie  and  Comisb  boilers, 
is  reckoocfi  at  the  rate  of  6  square  feet  of  .tbe  combined  hori- 
zoDtal  area  of  the  .shell  and  the  flues.  Tbe  hc^izontal  area  is 
the  product  of  the  length  by  the  sum  of  the  diameters  of  the 
shell  and  flues,  '^bus,  a  LancH^lnre  boilfir  27^  feet  long,  7  feet 
in  diameter,  witb  'two  furnace-tubes  2J  feet  in  diameter,  has& 
horifcontal  area  of  (27.x (7  +  2f +  2}))=^«J7i  square  feet; 
dlT'ided  .bj  6,  it  gives  56 :  nominal  boise^power.  The  grate- 
area  .is  *60  square  loQt««--a  little  fmore.  tbaa  half  a  foot — per 
horse^po^er ;  and  there' is  15  square  £eel  <if  heating' sur&rt 
per  horse-power. 

Faotory  Chimieys, 

The  proportions  of  chimneys  vary  very  much  with  relation 
to  the  requirements.    The  quantity  of  good  coal  that  may  ; 
consumed  per  hour  with  a  chimney  of  h  given  height  abote 
the  level  of  the  fire-grates,  and  a  given  top-sectional  area,  and  ! 
a  temperature  in  the  chimney  equal  to  or  near  to  600**  F« 
under  ^asj  conditions,  is  expressed  by  the  formula  : — 

C  =  16AVj3r..  .      •  •      *    .      .       .       .  (13) 

*  0=3:  coal  consumed  per  hour,  in  ponndB. 
A = sectional  area  of  chimney  at  top,  intsqnare  feet. 
Htc  height  of  chimney  above  the  level  of  the  grates,  iu  feet. 
G= total  area  of  fire-grates,  in  sqnate  feet. 

When  the  top  diameter  of  the  chimney  is  one-thirtieth  of 
the  height — a  good  proportion — the  formula  becomjes,  — 

C=OUH*»  (14) 

•"'  J   Ci^OliHVH  .      .       ....  (15) 

And  the  total  grate-area,  allowing  a  consumption  d 
15  pounds  af,Gpal  per  jBfjuare  ffiptjget  ho]ur,  is^ — 

orG=^-^^      .      ...  .    ,  (17^ 

The  height  of  chimTiey  for  a  given  total  grate-area,  the 
diameter  at  the  top  being  equal  to  one-thirtieth  of  the  height, 
is,—  .  . 

H=i6-3»Va      ....  cm 
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The  side  of  a  square  chimn^  equal-dn  sectional  aiesta  a 
gtveirfomi!!  cblnmey,  tsisqiiffl  totheTTOdUct  of  the  dfamefeft 
by  *886 and  the  equiyalent  fraction  of  the  height  fpr  the* 
side  of  a  square  chimney  is  one  thirty-fourth. 

!  Conyeraely,  the  diameter  pf  a  *ipunjol  chimney  equal  in 
spctioiiifl,  area^ 'tp' a  given  r^uare  , chimney^  ,  is  eqi^^  to  the 
product" of  thei  .side  of  thiejsq.uare  by  1;  1 3.  ' 

i  Ini  T^l](Ie  280^  are  giyep.  |t}ie  quaiititj^of  coals' th^t  may 
consum^  per!  bour,  at'ihe  as8ume4^.^te  of  16  pbun(^(,pqr 
square  foot  per.^our,  an^'tbe  correspaQoiDg  total  area  of  fii]^- 
grat^,  fojT  chimneys  of  various  heights,  and  correspouding 
diameters  one*thirtieth  of  ^he  rcsi>e|bti?^  h^^  V 


Table  280.— Faotobt  Chimneys. 


Chimney., 


,  Coal 

I  Con- 
"sumable 


er  . 
our. 


-If 


Grate 
Area- 


Vivt. 
40 
50 
(iO 
70 
80 
'Ml 


Ft.  Ins. 

1  4 

1  8 

2  0 
2  4 
2  8 

4.:  jtl 


Poinnls.  ' 

142 

248 

31)0 

574 

801 
1070 
13^4 


Sq.  Ft. 

1 6-5 

2f;-o 
:>:\'\ 

71-7 


Chimney* 


[ 


Height. 


meter. 


Feet. 
110 

120 
135 

i:)0 

1(15 
180 

-i;2U0 


rrri  

Ft.  lus. 

3  8 


4 
4 

5 

O 

6 
6 


0 
fi 
0 

<> 

0 
8 


Coal 
C^n- 

sinnablp** 
per 

Pounds. 
1777 

2208 
21)r)4  , 
3858 
489(; 
6086 


Grate 
Area. 


ii  ff  ^ir 

Sq.  Ft. 

118-4 

147-2 

197-6 

257-2 

320-4 

405-7 


m 


(It 


TJlvLb  28r.-^H6ii^E-P0W£B  'ils^  VA&rous  OotrstiBim  in 

Foot-pounds  pbb  Second. 

.  '[     .  C^Stearn.")  . 


Country. 


Frande  and  Baden 
Saxony 

Wiirtemberg  .  . 

Prussia . 

Hanover  .  .  •  . 

England      .  *  . 

Austria   .  .  • 


meters 
per  aec. 


Baden 
per  secL 


76 

75-045 
75-240 
75-325 

75-  3()l 

76-  041 
76  a  19 


Foot-lbft. 

600 

500-  3(» 

501-  36 

502-  1 7 
502-41 

506-  94 

507-  46 


Saxony 
per  BG<^ 

Foot-lbs. 

529-68 

630 

531-12 

531-  97 

532-  23 
537-03 
537-58 


WUrtem- 

borg 
per  sec. 


Foot-lbs. 
521-58 
523-89 
626 

525-  85 

526-  10 

530-  84 

531-  39 


I 


1 
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Table  ^^HI.^Horse-pow^k  in  vabious  Cou yxBi bs . 


T 


Ooantry. 


;  rrussiaii  i  Hanovuriau 
per  sec      per  wc 


France  and  Baden 
Saxon V 

  ^ 

Wiirtembei^g   ,  . 

Prussia 

Kaiiovcr  .  .  , 
Austria   ,      .  . 


Fo.t-lhs. 

478-  22 

479-  28 
480 

480-  2:^ 
484-:)fi 
48500 


Foot-lbs. 

5i:V84 
514-92 

516 

520-(5r> 
52M9 


♦  «•  — 

Foot.lb.s. 

.■>42-47 

r>42-80 

r>48-9r) 

r>44-82 
545^)8 
560 

r>r)0r>7 


Austrian 
P«r«ec. 


Fo(.t-lbs. 
423-68 

423-  93 

424-  83 

425 -  r,! 

425-72 
430 


•/till 


(For  Steam  of  60  lbs,  per  sgnnre  inch  WoiSklng  Pressure.) 


iIiiuIb 


\ 

I 


I  Initial 

T»'m]H'i\itnre 
1  of  Water. 


•  Fabr. 

•  32 
35 
40 
45 
50 
55 

65 
70 
75 
80 
85 

95 
TOO 
110 
120 
18I» 
140 

\rm 
im 

170 
180- 

100 
200 


Final  TemipeiiiliuiB  ot  Fewl-Wfttor  (FabrtfnfheitX 


120'= 


140°     1(>0°  i  18(r 


7, 

7-.')0 
7-25 
()-85 

r)-45 

6-05 
5-04 
5*28 
4-82 
4-40 
3-9S 
3-55 
3-12 

2-r>8 

2-24 
1*80 
•90 
0 


7o 

9-20 

8-9(; 

8-57 
8-17 
7-71 
7-37 
6-97 
ri'56 
fi-15 
5-74 
5-32 
4-90 
4-47 
4-04 
3-61 
2-73 
1-84 
•92 
0 


,  10-90 

1  (!-(>(; 

10-28 
9-90 
9-50 

9-oi; 

♦  8-72 
8*82 
7-91 
7-50 
7-09 
(i(53 
fi-26 
5-84 
5-42 

M  WW 

4*o» 
3-67 
t  2*.77 
1*87 
•94 


0 


7 
12-3(> 

1 2-09 

12-00 

ll'fil 

11-23 

10-85 

ie-4H 

1007 
WQS 
9-88 
8-87 
8-46 
8-06  ' 
7*65 
7-2S 

3-  38 
5-52 

4-  64? 
3'7» 

Mt- 

.0 


7 
14-30 

14-09 
13-71 
13-34 
13-00 
12-r)0 
i"2*di'H''  ■ 
11-82 
U-43' 
11'04 
10-65 
10-25 
'  9-825" 
9-44 

9-as 

8-20 
7-36 
6-08 
5-62 
4-72 
3-82 
2-89 
1-96 
•90 

0 


'7 
19-03 

18-84 

1 7-99 

17-04 

17-28 

l«-93 

l^-58 

16-20 

15r83 

15-46 

15-08 

14-  70 
H-52 
13-94 

15-  S5 
12-76 
11-95 
11*14 
10-31 

9*46 
8-59 
7-71 
6-81 
5-90 

4-85 


7 
22-90 

22-60 

22-27 

21-04 

21-01 

21-27 

20-92- 

20-58 

20-23 

19-88 

19-52 

19-17 

18-44 
18-07 
17-28 
16-49 
15'24 
•14.-99 
14*1»/1 
43^ 
12-54 
11-70' 
10-82/ 
9-93 


200°  I  250°  I  300°  I 
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Table  288. — Relative  Economy  op^  Feed-apparatus. 

(Jacobus.) 


Vvt'd  Water:  how  Supplied. 


Direct-acting  pump,  teetliuu:  water 
at  G0°,  without  a  heater 

Injector  feeding  water  at  ITAf 
without  a  heater    .       .       .  . 

Injector  feeding  through  a  heater 
in  which  the  water  is  heated 
from  150°  to.200'' 

Direct-acting  pump,  feeding  water 
througli  a  heater,  in  which  it  is 
heated  from  (K)^  to  200^^ .       .  . 

Geared  pump,  run  from  the  engine, 
feeding  water  through  a  heater, 
in  which  it  is  heated  from  PtO'' 
to  200"  


I 

). 

I 

\ 

I 
I 


Relative 
Consump- 
tion of 
Coal. 


1-000 


Relative 
Eeononiy 
l':fl'ectetl. 


13-2 


()•() 

!•.'»  percent 


12-1 


Table  284. — Weight  of  Sediment    collected   in  a 
Stea3i-H()iler,  from  Hard  Water,  evaporated  at 

the  rate  of  1000  (GALLONS  PER  DAY. 


Solid 
)ini      Matter  Col- 
Matter  per  lectin!  per 
(iallou      Day,  tVuni 
\:\ii\>tt-  lOOO'Callons 
rated. 


Solid 
Matter  Col- 
lected ]>er 
Week  ol" 
Six  Days, 
from 

of  Water  OOOOGallon.s 


Evaporated. 

of  Water 

Evaporated. 

Orains. 

Lbs.  Ozs. 

Lbs.  Ozs. 

fi  rains. 

I 

0  2:i 

0  l.H-7 

i:> 

0  4-(; 

I  11-4 

20 

■  0  (;•!» 

2  \)'\ 

2r, 

4 

0  !>•! 

:^  (ri) 

80 

0  11-4 

4  4-(; 

85 

0  i:j-7 

5  2-3 

40 

< 

1  0 

r»  0 

4", 

8 

1  2-8 

(J  l.S-7 

.'.() 

\) 

1 

7  11-4 

10 

1  <;•!» 

S     [i- 1 

Solid 
Matter  pei- 

Gallon 
lOvaporated. 


'  Solid 
I      Solid       Matter  C(d- 
Matt»T  Col-,  lerted  per 
I  lected  i»er  ^    Week  of 
I  Day,  from  '  Six  Days, 
1 000  Gal  Ions'  from* 

of  Water   V.OOO  Gallon^ 
Evaporated.'   of  Water 
!  Evaporated. 


Ll»s.  Ozs. 
2  2-8 
2  18-7 
8    0- 1 

I  tv. 


Lb.<?.  <)7.H. 

12  18-7 
1 7  2-8 


524 


STEAM  VKOIKB8  AND  B01i»SR8. 


Table  285.— MixLtiFLiEBs  fob  ^iKtmro  the  liSQurrAi;BKT 

FOB  GIVEN  PBESSUBBS  OF  STJBAM  AND 


Tempo 
rut  lire 
of  Fccc 
Water 


•  Fahr 
32 

85 
40 
45 
50 
5  5 
<>() 

70 
75 
80 
85 
90 
115 

lUO 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

IGO 

1G5 

170 

175 

180 

165 

190 

195 

200 

205 

210 

212 


Boiler  Preoflores  In  Poimds  pr: 


0 


1-1.^7 
MSI 
11 79 
1-178 
11(»8 

i-i(;8 

M5S 
M58 
M  IS 
M48 
1-137 
1-132 
1-127 
1-122 
1-117 
Mil 
M0() 
1-101 
1-09G 
1-091 
1-085 
1-080 
1-075 


M92 
Msii 

MS4 
1-178 
1173 

1-1  r,s 
M(;8 

I  158 

m:.8 

M4S 
1-148 

I-  187 
M32 
M27 

II- 22 
M17 
Mil 
1-1()(> 
MOl 
1  -09(5 
1-091 
1-085 


10 


M95 


15 


20 


1-199  1-201 
M92  M9G|i-198 
MS7'M91  1-198 
1-181  1-185|mS7 
M77:M80|M82 
M71;M75  1-177 
1-1  1-170  1-172 
M()l  1-U>5IM(;7 
M56  l-ir.o M(i2 
M51  1-155"M57 
M4(;  M4'J  M51 
1-140  1  144  M40 
M85il-189  1-141 
1-180,1-184  M8f; 
1-125  1129  1  181 
1-120  M23IM25 
1-114  1-11811120 
M09ii-113iM15 
M04|l-Um*MIO 


25 


80 


1-204  1-20G 
1-201  1-208 
1-190  1-108 
1-1901-192 
MS5iMS7 
MS0,M82 
1-175'M77 
1-170  1-172 
Mt;5,M(;7 

M(;o|i-in2 

'  154, 1-150 
149;M51 


85 


I 
1 

1-144'M4<; 
M89  1-141 
M34'M8(; 


M2S 
1-123 
M18 


M30 
1125 
1120 


1-209 
1  -200 
1-201 
1-195 
M90 
1-185 
1-180 
1-175 
M70 
MG5 
1-159 
M54 
M49 
M44 
M89 
1-133 
M28 
1-123 


40 


1-211  1-212 


45 


.  1-118  11  15.1-118 

l-O99jM03|l-105jM0S  MlO ,M13 


1054  1-059 1-062  1  066  1  068  1-071 


1  0231  028  1-031 


1-094  1-097  l-099!l-102i  l04;M07  

1-088  1-092  1-094  l-097tl-0994-102  MOi 
1-080  l-083|l-087 1-089  l-092jl -094' 1*097  1-099 
1-070 1-075  1-078 1-0821-084  l-087il-089 1-092  1-094 
1-065  1-070 1-073  1-077  1-^79 1-082  l-08tt|d-087  1  089 
1-059 1-065  1-068  1-071  I073[l-076  1078  1*081  1  083 


1-023  1-025 
1-0181-021 


1-018 
1-013 
1-008  1-0131-015 
1-0081-011 


1  -008 
1-002  1-002 


1-049 1-054  1-057 1-061 1-063  1-066 1-068 1-071  1  073  1-074 
1-044  1-049 1-052 1*056  1  058 1-061)1-063  1-066 1*068 1*069 
1-039 1*044  1*047  1-051 1053  l-a56 1-058  1  061 1-063 1-064 


P073  1-07G 


1-039 1-044  1-047  1-051 1053  l-a56 1-058  1  061 1-063 1-064 
1'083  1-039 1-042  1-045 1  047  1-050  1  052  1055  1057 1-058 
1-028 1-033 1-036 1-0^0 1-042  1-045  1-047  1-050  1  052  1-053 

1-085 1-037  1-040  1-042  1*045  1-047  1-048 
1-030 1-032  1-035  1-0S7 1-040 1-042  1-043 
1-025  1-027  1-030  1-032  1*035  1-037  1-038 
1-020  1  022  1-025  1-027  1-030  1-032  1-033 
1  015  1017 1-020 1-022  1-025 1-027 1-028 


1-208 
1-203 
1-197 
M92 
M87 
1-182 
1-177 
1-172 
1-107 
MGl 
1-1 5f> 
1-151 
1-146 
1141 
1-135 
1-130 
1-125 
1-120 
1-115 
1-109 


1-078 


1-209 
1-204 
M9X 
1-193 
1-188 
1-188 
1-17S 
1-173 
1-168 
1-162 
1-157 
1-152 
l-147j 
1-142 
1-130 
M31 
1-12(1 
1-121 
Ml()l 
l-llo 
M05 
1-100 
1  -095 
1-090 
1-084 
1-079 
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EVAPORATION  <  FBO»  iASJ>  JLTI  SIS'"  F.  026 


Rate  of  Evaporation  of  Watek  from  and  at  212**  F., 
Temperatures  of  Febd-watbb'.  • 


QqpBxe  Inch  a^bove  th^  Atmosphere. 


50 


60 


1 

1 
1 
1 
I 
1 
1 
1 
1 
I 
1 
I 
1 
1 
1 
1 
I 
1 
I 
1 
1 

i-UGO 
1-055 

050 

015 

010 
035 
030 


1-214 1-217 
1-211 1-2U 
1-206  1-209 
1-200 1-208 
1-196 1-198 
1-190 1-19S 
1-185  1*188 
1*180 1*183 
1-175 1-178 


1701 
164  1 
1591 
154  1 

HI)- 1 
144;  I 
18:^  1 
13311 
128.1 
1231 
118  1 
11211 
1071 
102  1 
09711 
092  1 
08r)!l 
O8III 

07(;  1 

07l!l 

im  1 
1 
1 
1 
I 
1 
1 
1 


173 

167^ 

102 

157 

152 

147, 

141| 

136i 

131 1 

i2r>; 
121 

115| 

no 

105 

100 

095 
089| 
084 
079 
n74 

(li;9; 

og:^ 

058 
053 
048 
043 
038 
033 


70 


80 


•2191-222  1-224 
•216 1-219  1-221 
•211 1-214 1-216 
•205 1-208 1-210 
^200 1-203 1«20S 
n95 1-198 1-200 
190 1-193  M96 
185  M88  1490 
180 1-183  M86 
175  M78  1-180 
169|M72  1-174 
104  1*167  1-169 
-159;i-162  1-164 
154:1-157|M59{ 
119  1-152  1-1541 
143  1-146  1-148 
138  1-141  1-143 
133.1-136|1-138 
1281-131  1-133 
•123, 1-126  1-128 
117  l-12(>il-122 


90 


112 

107 


1-115JM17 


1-110:1-112 
102  1-105  1-107 
097il-100!l-lU2 
1-094;  1-0961 
1-089  1-091 
1-084 
1-079 
1W4 
1-068 
063 


•091 
-086 
-081 
-076 
-071 
-065 
•060 
•055 


035 


1 

1-058 


0501-053 
045  1-048 
040  1-043 


1-038 


1-086 
1-081 
1-076 
1-070 
1-065 
1-060 
1-055 
1-050 
1-045 
1-040 


100 


227  1-231 


224  1-228  1-231 


120 


219 1-223  1-226  1*229 
2181-2171-220 1-223 
2981*2121-215  V218 
203|l-207|l-210 1-213 

1-208 
1-203 
1-198 
1-193 
1-187 
1-182 


198 1-202 1'205 
193  M97  1-200 


1 
1 
1 

1201 
115  I 
110  1 
105 
099 
094 
089 
084 
079 
073 
068 
063 
058 
0531 
048  1 


188  1 

1831 1 
177 
172 
167 
1621 
157 
151 
146 
1411 
136 
131 
125 


•  •   I  •  •  • 


192  1-195 


187 
181 
17() 
171 
166 
161 
155 
150 


140 


1-234  1-237 


1-190 
1-184 

1-179 


160  180 


1-234 


1-174  M77 


1-169 
i-164 
M58 
1-153 


1-172 
1-167 
1-161 
1-156 


145  1-148  M51 
140  1-143  1-146 
135  1-138  1-141 
129  1-132  1-135 
124  1-127  l-13(i 
1191-1221M25 
114  1-117|1120 
109  I-II21I-II5 
103  1-106|1-109 
098  1-101  !l -10-] 
093  1-09611 -091; 
1-091  i  1-094 


077 
072 
067 
062 
057 


1-086 
1-080 
1-075 


1-0701-073 


1-065 


052  1-055 


043  1-047  1*050 1-063 


1-089 
1-083 
1-078 


l»(!)68 


I  060 1-063 


1*058 


•239 

•236 

•231 

•225 

•226 

-215 

•210 

-205 

•200 

•195 

-189 

•184 

-179 

-174 

•169 

-163 

-158 

•153 

•148 

-143 

•137 

-132 

-127 

-122 

•117 

-111 

■106 

•101 

-096 

•091 

-085 

-080 

-075 

-070 

•065 

•060 

•055 


200 


^241 
1-238 
1-233 
1-227 
1-222 
1-217 
1-212 
1-207 
1-202 
1-197 
1-191 
1-186 
1-181 
1-176 
M71 
1-165 
1-160 
1-155 
1-150 
1-145 
1-139 
1-134 
1-129 
1-124 
1-119 
1-113 
1-108 
1-103 
1-098 
1-093 
1-087 
1-082 
1-077 
1-072 
1-067 
1-062 
1-057 
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Flow  of  Steam  througli  Pipes. 
Tablb  280.— Flow  op  Stbam  THBOuaH  Pipes. 


Diameter  of  Pipe  in  Inches. 

Length  of  each  Pipe, 

240  Diameters. 

Initial 

Preraure 

t 

■J 

Li'. 

2 

1.'. 

4 

per  Square 

Inch*. 

Wciijlit  of  Stcajii  per  Minute  in  rouutb,  with  One  Pound 

* — 

FAu  of  Preosore. 

• 

Lbs. 

Tibs. 

Tibs. 

Tabs, 

 1 

"Lbftl  Lbs. 

'  Lbs. 

r;; 

1 

i-k; 

2-07 

5*7 

10-27 

1 5 '45 

25-88 

1  40*85 

10 

1-44 

2-57 

7-1 

12-72 

19-L5 

81 -4n 

48*0.1 

'  20 

1-70 

802 

8-8 

14-94 

22-49 

;  8()-94 

08*20 

.  80 

1-91 

8-40 

9-4 

ir)-84 

25-85 

41-68 

70*84 

40 

2-10 

8-74 

1 0-8 

18-51 

27-87 

45-77 

84-49 

.  50 

2-27 

4-04 

11-2 

20-01 

80-18 

49-48 

ill -84 

'  (iO 

2-48 

4-82 

11-9 

21-88 

82-19 

52-87 

i)7-60 

•    '  70 

2-57 

4-58 

12(> 

22-r>5 

84-10 

56-00 

108-87 

80 

2-71 

4-82 

18-8 

28-82 

85-87 

58-91 

108-74 

■  90 

2-88 

5-04 

18-9 

24-92 

87-52 

;  (U  ()2 

118-7-i 

■  100 

2-95 

5-25 

14-5 

25-96 

89-07 

i  04-18 

118-47 

120 

8- 11) 

5-G8 

li)*;) 

27-85 

41-98 

i  68*87 

127-12 

150 

8-45  1 

«I4 

■ 

1 7-0 

80-87 

45-72 

\  75-09 

1 

188-61 

Initial 
Pressure 
per  8(iuare 
Inch. 


iDiaiueter  of  Pipe  in  Inches.   Leogtl^  of  e^^i  Pipe, 

240  Diameters. 


it 


. — t 


10 


15 


18 


Weight  of  ateani  i)er  Minute  in  Pounds,  with  One  Poiuid 

Fall  of  Pressure. 


J • '  "•  

Lbs. 

LbK. 

Llis. 

'(•Lbs.  > 

Lbs. 

Lbs. 

Lb8. 

Lbt$. 

1 

773 

115-9 

211*4 

341*1 

502*4 

804 

1177 

10 

95-8  1  143-6 

262*0 

422-7 

622-5 

996 

1458 

20 

112-6 

'  168*7 

807*8 

496-5 

731-8 

1170 

1718 

30 

126-9 

190-1 

846-8 

559-5 

824-1 

1818 

1030 

40. 

189'5 

209-0 

881-8 

615-8 

906-0 

1450 

2122 

50. 

150-8 

226*0 

412-2 

665-0 

979-5 

1567 

2294 

60 

161-1 

241*5 

440-5 

710-6 

1046-7 

1675 

2451 

70 

170-7 

255*8 

466-5 

752-7 

1108-5 

1774 

2596 

80. 

1 79-5 

2()90 

490-7 

791-7 

1166-1 

1866 

2731 

90 

187-8 

281-4 

518-8 

828-1 

1219-8 

1951 

2856 

100 

195-6. 

298  1 

584-6 

Si;2-6 

1270-1 

2082 

2975 

120 

209-9 

314-5 

573-7 

925-6  . 

1 308-3  1 

2181 

8198 

150 

228-8 

8430  .>25*5 
1  1 

009*2 

I48G-5 

1 

2378 

3481 
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.  Babeook  gives,  the  foilowiag  fofmala  for  the  flow  of 
steajan  through  pifiesr  :— 


W  =  weiGrht  of  steam  in  pounds. 
^7 ^diameter  of  pipe  in  inches. 
D  — (Icnsity  or  weight  per  cubic  foot  of  the  steam, 
•  "       =r initial  pfcs??iire.  '  .  *•        .       .  i 

'       — pressure  at  end  of  pipe.  ' 
'        L  =  length  of  pipe  in  feet. 

The  Table  280  gives,  approximately^  the  weight  of  steam 
which  would  flow  thipugli  a  straight  smooth  pipe,  of  which 
the  length  is  equal  to  2.40  diameters,  with,  one  pound  fail  of 
pressure.  *       '  .  f  ' 

For  any  other  given  fall  of  pressure^  multiply  the  tabular 
w^ght  by  the*  8(|tii(re'tt)ot  of  the  given  fall  of  pressor^ 

For  any  other  given  length  of  jyipe,  divide  240  bv  the  given 
(engtF In  diametersj'and  multiply  the  tabular  values  by  tbo, 

t^uai^  irbot^  of  the  quotient,  to  give  the  flaw  for  one  pound  fall 
f  pressure.' 

I  (Joi^yersely,  divide  the  given  length  by  240,  to  find  the  ,faU 
ht  pressure  for  the  flow  given  in  the  Table.    /  [ 
i  The^loss  of  he&d  due  to  generation  of  the  velpcity  of  flow,  and 
he  f  notion  of  the  steam  entering  the  pipe,  is  about  equal  tq 
;he  resistanoe  of  a  length  of  pipe  equal  to  the  quotient  of  114 


liameters,  divided  by  [  1  -f  ' — !  J,  in  which  d  is  the  diameter  in! 

nches^r  For  the  sizes  given  in  the  Tab)p„jth^(6Pi?^f)9PQP<iUi;ig 
f engths  are  as  follows  : —                                 :  m  .  '  ; 

Diameter 
iu  Inches. 

Length  in 
Diameters. 

Diameter    L<Migth  in 
in  luchcti.  1  Diameters. 

Diameter 
in  Iiichtti. 

Length  In 
Dianusters. 

— I — , 

21) 
 2.") 

8  52 

-  -4  ■  — 

(>       :  :  71 

S         '  71) 

...  12 

•    84: ;  / 

^  88  -  ^ 

2 

41 

4  / 

•  »    .  j  .      J.I.      » * 

[.  i>2 

\  ft  :  p'>tl  ■  • 

1  i  -' 

'The  resistance  of  a  globe-valve  is  equal  to  that  at  the 
entrance  of  the  pipe  \  and  that  at  an  elbow  is  equal  to  two^ 
thirds  of'  that  of  a  globe- valve.  The  equivalent  lengths  respec- 
tively «re  to  be  added  to  the  actual  length  of  the  pipe*  Foi? 
instance,  a  4-inch  pipe  ISOclinneters,  or  40  feet^  long,-  with  ot 
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STEAM  ENGINES  AND  BOILERS. 


globe-valve  and  three  elbovrs.  would  be  equivalent  to  (120  +  60 
(entrance)  +  fiO  (((lobe- valve)  +  (40  x  3)  =  )  360  diameters  in 
length.  By  the  rule  above  given,  (360-;-240  =  )  1§  lbs.  is  the 
fall  or  loss  of  pressure  for  the  tabulated  flow.    Or,  it  would 

deliver  (1-J-Vri  =  )  '816,  or  81 '6  per  cent,  of  the  steam  with 
the  same  loss  (1  lb.)  of  pressure. 

Coverings  for  Steam-Boilers  and  Steam-Pipes. 

The  efficiency  of  different  substances  for  the  prevention  of 
radiation  of  heat,  varies  generally  in  the  inverse  ratio  of  their 
conducting  power  for  heat.  From  the  results  of  expenments, 
it  appears  that  the  rates  of  condensations  of  steam  in  a  naked 
pipe,  a  pipe  coated  with  a  cement,  and  a  pipe  coated  with 
hair-feU,  were  proportionally  as  100,  67.  and  27.  According 
to  Dr.  Emery,  the  relative  efficiency  of  various  substances  as 
coatings,  is  as  given  in  Table  287. 

Table  287.— Rklativk  Efficiency  of  Non-Conductobs. 

(Emery.) 


Substance. 

Wood  felt 

Mineral  wool.  No.  2  . 

„        „     with  tax  . 
Sawdust     .       .       .  . 
Mineral  wool.  No.  1 
Charcoal     .       .       .  . 
Pine  wood,  across  tibre  . 
Loam,  dry  and  open  . 
Slacked  lime  . 
Gas-house  carbon 
Asbcst(js  .... 
Coal  ashes  .       .       .  . 
Coke  in  liun}>s 
Air  space  undivided  . 


Relative 
Efficiency. 


1000 
•832 
•715 
•080 

•032 
•553 
•550 
•480 
•470 
•303 
•345 
•277 
•136 


The  relative  loss  of  boat  from  steam-pipes  naked  and 
clothed  with  wool  or  hnir-felt,  in  several  thicknesses,  is  given 
in  Table  2S7.  The  steam  pressure  is  taken  at  75  lbs.  per 
square  inch  ;  and  the  temperature  of  the  air  at  60°  F.  The 
horse-power  mentioned  in  the  Table  is  the  standard  for 
steam-boilers  favourably  received  in  Americn,  according  to 
which  one  horse-power  is  measured  by  the  evaporation  of 
30  pounds  of  water  per  hour,  at  a  working  pressure  of  70  lbs, 
per  square  inch  from  lOO"*  F.  temperature. 
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'  RAILWAYS. 


The  lengths  of  lines  in  the  United  Kingdom  opeu  for  traffic 
on  the  31st  December,  1889,  were  in— 

f  Miles  Open. 

•      Ensrland  and  Wales  14,034 

Scotland    :  3,118 

f      Ireland    .   2,791 

.  19,943 
br,  as  a  round  number,  say,  20,000  miles. 

The  total  paid-up  capital,  includiiiG^  loans  and  debenture 
^tock,  was  ^HTG.^y^^lGG,  or  £43,i)(;()  per  mile  open.  . 

The  number  of  passengers  conveyed  in  the  year  1889. 
were  *— ~ 

1st  clasa    i..-  ^  .   •   30,074,810  or  ^  3*88  per  cent. 
'      3rd   r»  '  ;      •.082,420,336,,    88*05  „ 


Total .       .      .    .  775,183,073      100  00 

in  goods  traffic  there  were  conveyed— 

211,810,551  tons  of  minerals,  or       .  71-20  pep  cent, 

^6,695,947  general     mer- 1  g^.g^ 

chandise     .J  " 


.      297,606,49a      '  lOQOO  , 

The  number  of  miles  travelled  by  trains  weye  as  follows  :— 

:  •        '  .•  '  Miles. 

Passenger  trains   161,082,875 

Goods  and  mitieval  trains    .      ...  138,941,233 

*  _ 

;  •    •   Total    .  ;  303,116,953 

The  total  includes  3,092,84»  imiles  travelled  by  mixed 
trains. 

The  receipts  were  as  follows  : — 

,      Gross   receipts   from  1^2,630,724  or  42  4  per  cent. 
•  passenger  trarac  J  « 

I  Do.     Goods     „     .  41,086,333  „  53-3    ;  „ 

Miscellaneous  receipts  .    8,307,960  „    4-3  „ 

~  £77,025,017     lOO'O  ? 

or  about  £3,851  per  mile  open,  or  5*.  Id.  per  train-mile  run. 
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The  total  working  expenditure  was  £4.0,094,116,  or  52  per 
cent,  of  the  receipts.  .  • 

The  rolling  stock,  on  December  31,  1889,  was  as  follows  : — 

Locom>tiyeB  (follj  thr^^ottrtiis  oi^  ^  I  .  i  ^ 
Ipcomoliye  per  ziule  open)    «      •      •J  ' 

Passenger  carriages      .      *'  ;   ;  '  36,137 

Other  passenger  train  stock  '    .  •  13,501 

Waggons  •     .    '  .       .       .  603,260 

Sundry  carri^es  and  waggon^  .  .  '     ;  *  1  14,335 


Passenger audgoodstramsctorjiiigetook ) 
'  (or  ibout  35|  vehioles'  per  locomotiye ;  >  567,238 
or  about  28^  vehicles  per  nodlid  open) ) 

.  Thf^  ATernge  number  ixC  train-miles  run  per  loodmotlye  was 
19^000;       •  -  * 

The  standard  forms  of  rails  arc  the  bull-headed,  the  double- 
headed,  and  the  flange  or  flat-foot  rails.  Of  the  rails  used  on 
British  and  Irish  railways,  the  f9llowing  are  the  principal 
dimensions: —  *     *         '  '  •  *•  f 

.  Table  289.— Railway  Rails  akb  StfiEiPSBs. 


1  Bull-headed 
>  BaUs. 

Double-headed 
Jiails. 

flange  Bails. 

• 

Weight  of  rail  I     ^.n.  +  ,k 
per  yard      '.'/|        1^- to  bu  lb. 

Height        .    .          ina.  to  6^  ins. 
Width  of  head  .      2^  ins.  to  2i  ius. 
Width  of  flange 

Thiokness  of  web     |J  in.  to  in. 
Length  of  bar«  •   ,  QAfLtQ^ZSU 

DiHtanee  of     k  Sft^i»8,to 

sleepers  apart  /        3  ft.  1  in. 

Wei.i,'ht  of  chair       30  lbs.  to  55  lbs. 

— u—  

82  Ibri. 

5^  ina,  6|  ins. 
..aiina, 

f  J  in.  to  §  in. 
24ft,to;30a. 

2  ft  8  in.  to 

2  fD.  10  in. 

31  lbs.  to  40  Ib.s. 

74  Iks.,  79  lbs. 

ins.  to  4}f  ins. 
.2^      .  28  ins. 

5  ins. 
V^t  in.  to  1  in. 
.  24^to24lt 

10X6  ft 

V      3  ft 

Large  express  locomotives  weigh  in  working  order  from 
40  tons  to  50  tons.  The  latest  Midland  Railway  express 
engine  weighs,  in  working  order,  43  tons,  of  which  the  driving 
weight,  on  a  single  pair  of  wheels,  is  17i  tons.  The  area  of 
fire-grate  is  19'(>  square  feet;  the. heating  surface  is  1,24Q^ 

X  K  2 
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s^iuare  feet.  The*  tender  weighs,  empty,  12  tons  ;  and  30  tons 
when  loaded  with  3^  tons  of  coal,  and  3,250  gallons  of  water. 
The  working  steam  pressure  in  the  boiler  is  160  lbs.  per  sqnare 
inch..  The  cylinders  are  18^  inches  in  diameter,  with  a  stroke 
of  26  inches.  The  driving  wheels,  single,  are  7i  feet  in 
diameter,  with  a  bogie  in  front.  The  total  wheel-base  of  the 
engine  and  tender  together  is  about  48  feet  on  the  rails.  On 
the  London  and  Nottingham  traffic,  the  average  gross  load 
weighs  from  170  to  215  tons,  or  from  9  to'  12  carriages.  The 
time-bill  speed  is  53^  miles  pejr  hoar. ;  the  longest  coattnuous 
run  is  124  miles,  and  from  20  lbs.  to  23  lbs.  of  Derbyshire  coal 
is  consnmed  per  mile-run. 

Parliamentary  trains,  calling  at  all  the  stations,  run  at  an 
average  speed  of  from  19  to  28  miles  per  hour.  Express 
goods  trains  make  a  speed  of  from  20  to  25  miles  per  hour. 
The  speed  of  coal  |i:ain&  is  limitedi  as  far  as  is  practicable,  to 
15  miles  per  hour. 

Coal  tNdns  gidnessUj -oonsist  of  from  80  to  85  waggons, 
weighing  from  5  tons  to  5^  tons  each,  and  carrying  8  tons  of 
.coaL  At  ttu§  rate,'  the  total  load  of  coal  for  8l  waggons 
weighs  280  tons add  the  weight  of  the  break  yan  at  the 
^^d.oj^.the,  train,  10  tons,  17  owt.,  a^d.  the  maximum  gross 
weight  of  the  train  is  488  tons,  7  cwt, 

A  6-coupled  locomotive,  suited  for  taking  this  train  on  the 
Great  Northern  Kail  way,  has  5  J  feet  wheels,  17^  inch  cylinders 
with  a  2G  inch  stroke,  with  140  lbs.  pressure  in  the  boiler ; 
weighing,  in  working  order,  B7  tons,  and  with  the  tender  full 
of  water  and  coal,  68  tons.    The  engine,  tender,  and  train 

.  together  weigh  551  tons.  Such  trains  are  taken  at  a  speed  of 
18  miles  per  hour  ;  ascending  inclines  of  1  in  178  at  a  speed 
of  10  miles  per  hour;  consuming  45  lbs.  of  coal  per  mile. 

•  With  more  powerful  engines,  liaving  19  inch  cylinders,  trains 
of  45  loaded  coal  waggons  are  taken. 

Six^coapled  goods  engines,  working  at  full  power,  exert  a 
tiaotiv^e  force  of  from  5  tons  to  6  tons  at  the  rails.    With  a 

^  traottve  force  of  10  lbs.  or  12  lbs.,  1  ton  of  gross  weight  can  be 
drawn  on  a  Iqvel  straight  line  at  a  speed  of  10  miles  per  hour. 
At  60  miles  per  hour,  the  tractive  force,  with  ABVp  ourires  and 

.  high  windsi  may  amount  to  45  lbs.  for  1  ton. 

Bailway  Oanges. 

The  standard  gauge  of  railways  in  Great  Britain  is  4  feet 
Si  inches.  The  same  gauge  is  adopted  in  some  other 
countries.   See  Tabic  290. 
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TABIiE  290.— GAtrOEB  OF  THE  PRINCIPAIi  RAIWAY 

SYSTSUS  in  the  WOBIiD. 

ifiil  HiT 


4    «  « 


Great  Britain,  standard  gauge 
Ireland,  standard  gauge    .      .  o 
Central  Europe,  prevailing  gauge  . 
Russia,  standard  gauge     «   •  ]. 

Norway  ,      .    ...      •   ^.  . 

Spain  and  Portugal,  standard  gauge  . 
Antwerp  and  Ghent       .  *    *.  •  -  . 
India,  prevailing  gauge     •    '  . . 
„    metre  gauge ...  * 
Arconum  and  Conjeveram 

Japan 

Egypt  

Canada  ...... 

* 

Mexico     ^      , '  *  • 


United  States  of  America 


'pievliilkiggatiges 


I. 


/        •      •      ■  • 


CMi. 


.1  .  • 


1 

.  ^ 

South  Australia , 

»  » 

•  mm 

New  South  Wales  . 

New  Zealand       .      /  V 

* 

r    .    .  1. 

Fi  Ins. 


4 

>  5 
4 
i} 
4 

'  3 
i> 

2 
') 

a 

H 
H 
4 
5 
4 
3 
4 
3 
4 
4 

{}: 
D 

3 

m 

o 
4 
4 
3 
5 

i) 

3 

4 

5 
.5 

3 


3 

8i 

0 

l> 
3 
i» 

i\ 
6 

8i 

(i 

8i 
G 

8i 

0 

8i 

9 

0 

0 

0 

I) 
(> 

Hi 

<; 

6 

3 

B 

3 

<; 
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III  the  United  Kingdom  there  are  a  few  local  railways  of 
less  than  the  national  gauge : — 

Feet  Inches. 

Festiniog  1  11^ 

Talyliyft  ,     .             .  6* 

Dinae  and  Snowdon,  Ballymena  and )  q  ^ 
Lame,  and  othen  •      •      .     •  j 

'  '  The  Way:  Sails,  Chairs^  and  Sleepers,; 

The  bull-headed  rail  is  laid  on  most  of  theroilwarys  in  Gi?eat 
Britain.  The  double-headed  rail,  reversible,  is  also  in  use. 
In  Ireland,  both  are  in  hse.  They  weigh  fiom  82  lbs.  to 
86  lbs.  per  lineal  yard.  lira  heads  am  Horn  2^  to  2}  inches 

wide ;  and  the  height  of  rail  is  from  5j-  to  5f  inches.  The 
rails  are  of  steel,  rolled  in  bars  mostly  80 '^t  in  length. 
They  are  carried  in  cast-iron  chairs  weighitig  from  31  lbs.  to 
55  lbs.  each,  spiked  to  transverse  sleepers  of  Baltic  red  wood 
generally  10  inches  wide,  5  inches  deep,  and  9  feet  long. 

■ 

Cifft  of  1  Mile  iff  Single  Line  of  Way  on  a  Jirtt  claee 

BaUtoay, 

£  e.  d. 

Steel  rails,  buU-headed,  80  feet  long,  85  lbs.  per 

yani;  1831  tons  at  i&5  667  10  Q 

Chairs,  3,872,  at  50  lbs.  ;  86i  tons  at  £3  .  .  269  10  0 
Fish-plates,  steel  clip,  352  pairs  at  40  lbs.  =  6^ 

tons,  at  £8     .      .      .      .      ^  •  i     50.  '0  Q 

Bolts  and  nuts,  1,408  at  1^  lbs. ;  1  ton  at 

£9  10.V  

Spikes,  7,744  at  1}  lbs.  ;  4 J  tons  at  £7  10^. 
Trenails,  solid  oak,  7,744  at  £2  10*.  per  1,000 
Keys,  oak,  3,872  at  £4  per  1,000  . 
Sleepers,  creosoted,  1,936  at  4«. 
Labour,  1,760  yards  at  1*.  6d*  ... 


9  10  0 

31  17  6 

19    7  2 

15    9  9 

387    4  0 

132    0  0 


Total  cost  o£  laying    ....      £1,572   8  n 

Taking  credit  for  old  materials  in  case  <3i  re- 
laying, the  net  cost  of  relaying  is,  say       ,   .  £85B  0  2 

> 

To  Jiiid  the  position  of  the  Centre  of  Gravity  of  a  locomotive 
in  thii  horizontal  sen.^e,  when  the  loads  on  tJierailit  at  tl^  axle^ 
and  titfoir  distanoes  ajmj't -are  given;      -  - 

1.  Four-wheeled  locomotive.  Multiply  the  load  at  the 
driving  axle  in  tons  by  the  length  of  the  "Mvheel-base  in  feet ; 
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aofd  dlTtde  hj  the  total  weigfat  in  tons.  Bie  quotient  ia  the 
horizontal  distance,  in  fieet,  of  the  centre  of  gravity  from  the 
other  axle. 

^  Whep  the  loads  at  the  axles  are  equal,  the  centre  of  gravity 
lies  half-way  between  them* 

2.  Six-wheeled  locomotive.  Multiply  the  loads  at  the 
leading  and  trailing  axles,  in  tons,  by  their  respective  distances 
from  the  middle  axle  in  feet ;  divide  the  difference  of  the 
products  so  found  by  the  total  weight  in  tons.  The  quotient 
is  the  horizontal  distance,  in  feet,  of  the  centre  of  gravity 
ftom  the  middle  axle,  measured  towards  the  axle  f oi:  which 
the  greater  product  was  found. 

When  the  products  are  equal,  the  centre  of  gravity  lies 
exactly  over  the  middle  axla 

3.  Locomotives  leaving  more  than  six  iclwcU.  Select  a 
middle  axle.  Multiply  the  loads  at  the  axles  in  front  of  the 
selected  axle  by  their  distances  respectively  from  this  axle  ; 
do  likewise  with  the  axles  behind  the  selected  axle.  Find  the 
difference  of  the  sums  of  the  products  in  front  and  behind  the 
selected  axle  ;  and  divide  it  by  the  total  weight  in  tons.  The 
quotient  is  the  distance  horizontally,  in  feet,  of  the  centre  of 
gravity  from  the  selected  axle,  measured  in  the  direction  for 
which  the  greater  sum  of.ihe  producrts  was.fouuf^         *  r 


Tractive  Power  and  Besistamje  oh  Bailways. 

For  two  cylinders  of  ec^ual  diameters,  the  equivalent 
tractive  force,  as  at  the  laiis  for  a  given  effective  mean 
pressure  in  the  cjrlinders,  may  be  calculated  by  means  of  the 

T=.^^^  ...      .  (1) 

The  equivalont  effective  m^  pressnrp  in  :th^  cylinders 
required  for  a  given  tractive  force  as  at  the  rails  is  by 
formula — 

p  =   .      .      .      .  (2) 

d  =  diameter  of  cylind^,  in  inches. . 

L  =  length  of  stroke,  in  inches. 

D    diameter  o£  driving  wheels,* in  inches. 

p  =  effective  mean  pressure,  in  pounds  per  square  inch. 

T    equivident  tractive  force,  a§  at  the  mils,  in  poumia.  . 

-  If  it  be  ^un^  that  the  work  done  in  the  ^eooud  cyMn(!cr 
of  a  compound  l9camotlve  is  equal  tp  that  4one  iy|i  the. first 
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cylinder,  the  fonnnla  (1)  becomes  available  for  calculating 
the  tractive  force  at  the  rails  in  terms  of  ibe  sizes  and 
piessnie  of  the  fiist  cylinder. 

The  proportion  of  the  adbeidon  weight,  or  driving  weight, 
varies  from  one-fifth  in  dry  weather  to  one-ninth  in  damp 
weather.  A  inaction,  of  from  one-sixth  to  one-seventh  may  be 
adopted  in  calculation,  as  it  can  be  maintained  )>y  the  nse  q£, 
sand  on  the  rails  or  other  e^edients.  Th^  traction'l-6-.4tb  gives 
an  adhesion  of  350  pounds  per  ton ;  and  adopting  this  nnit, 
the  adhesions  for  vanons  driving  weights  are  as  follows : — 

Driving  Weight  A4heBioii  or  available  tractive  force 

in  tons.  fis  nt  the  rails. 

10  3,500  pounds,  or  1*56  tons. 

7,000      „     „  81 2 


20 
30 
40 
50 

eo 


10,500  „  „  4-(j8  „ 

14.000  •„  6-25  „ 

17.500  „  „  7-81  •„ 

21,000  '  „  9-^7  „ 


The  resistance  of  ensfinos  and  trains  on  railways  is  expressed 
by  the  formula  (8).  quoted  from  liallway  Machinery.  It 
applies  under  the  following  conditions 

1.  The  permanent  way  in  good  order.   •       •  -  • 

2.  The  engine,  tender,  and  tiain  in  gpoo^ oilier;  b^bricated 
with  grease. 

3.  A  straight  and  lerel  line  of  rails.  '  ' 

4.  Fair  weather,  and  dry  and  clean  mils. 

5.  An  average  side-wind,  of  aversge  force,  varying  during 
the  experiment  between  slight  and^rery  strong. 


Besistanoe  of  Engine,  Tender,  and  Train. 

V  =  speed  in  miles  per  hour. 
B  =  total  resistance  in  pounds  per  tdn.  •   -  ' 

^  In  cases  of  frequent  sharp- carve8»  in  connection  with  strong 
'ide  and  head  winds^  the  resiGrtance  may  be  augmented  by  one* 
ilf  the  giv^n  resistance  on  a  krveL*  '  *  •  . 

The  annexed  Table  29i,  gives  the  resistanicer'per  of 
iglne,  tcmder,  andtrain,  for  various  ^speeds  and  gtadienfs.  ' 

Digitized  by  Googk 


RBSISTANCK  ON  RAILWAYS,  537 

TABii£  291.-~Resistakob  <m  PAflfiaBoro-BB  Tbaists, 


Ascending 
Gradients. 


I^evel 


lin 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


40 
60 
80 
100 

150 
200 
250 
300 
500 
800 
„  1000 
Level 


Conditions.  •{ 


A  g(X)d  sound  road. 
A  straight  line. 
An  average  side-wind. 
Engine,  tender,  and  train  in 
good    working    order,  with 
grease  lubrication.     '  * 


Speed,  in  IBles  per  Hour. 


10 


20 


30 


40 


I 


J. 


50 


60    }  70 


Total  Besistanee  aa  at  the  Raila»  In  Founds  per  Ton. 


Lba. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 
29 

Tibs. 

8-6 

^  10-3 

13-2 

17-3 

22() 

36-6 

64 

66 

6y 

73 

79 

85 

93 

46 

48 

50 

mm  m 

60 

66 

74 

36 

38 

41 

45 

51 

57 

65 

31 

33 

36 

40 

45 

51 

59 

24 

26 

28 

32 

38 

44 

51 

20 

22 

25 

29 

34 

40 

48 

18 

20 

22 

26 

32 

38 

46 

16 

18 

21 

25 

30 

36 

44 

13 

15 

18 

22 

27 

33 

41 

11 

13 

16 

20 

25 

32 

39 

11 

12 

15 

19 

25 

30 

39 

10-3 

13-2 

17-3 

22-i; 

29 

3f;-6 

Aotc. — Fifty  per  cent,  of  the  resistance  as  on  a  straight  level 
way  may  be  added  for  cases  of  frequent  curves,  of  or  under  one 
mile  in  radius,  in  conn,ection  with  strong  side  and  head  winds. 

The  general  dimensions,  weights,  and  capacity  of  the 
standard  carri«ge  stock  and  waggon  stock  of  the.  Midland 
Eailway,  are  given  in  Tai>lcs  295  and  296.  page  543. 

Supposing  an  engine  and  tender,  weighing  together  40  tons, 
and  exert iag  a  given  tractive  force,  takes  10  loaded  carriages, 
weighing  360  tons,  at, 20  miles  per  hour  uu  a  level,  the  loads 
which  it  could  take  if  it  exerted. the  same  tractive  force  at 
higher  speeds,  would  be  proportionately  as  follows 

At  20  miles  per  hour,  40  carriages  weighing  360  tons. 

if 

if  * 


30 

>• 

30 

1? 

200 

40 

•»)  • 

21 

144 

50 

II 

If  • 

15 

106 

II 

60 

11 

9t 

11 

75 
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The  influence  of  rising  IneHneB  is  exemplified  as  £dllow8 : — 
<  If  «a  ea^ne  and-  taite^  wwgbiii^  -togothcMP  40  tossi  -eMi 
dxaw  a  nuudmam  train  of  42  loaded  caniages,  weighing 
420  tons,  at  20  miles  per  hour  on  a  level,  it  would  draw  only 
the  following  loads  at  the  same  speed  np  tbe  annexed 
mclines  * .  ^ 

Level    •      •      .42  carriages,  weighing  420  tons. 
Incline,  1  in  600    ,  34  „ 
„  300   .  27 
i,       „  150   .  20 
„        „  100    .   16     •  „  „ 
76    .  12 


»       >>    40    •    6      „  ,f 

ij        »>    20    •     3  „ 
10    .  »il 


»>  1>  •       ****  •  ?> 

The  speed  of  railway  trains  may  be  calculated  in  terms  of 
the  number  of  revolutions  of  the  drivino;  wheels  of  the 
locomotive  in  a  given  number  of  seconds.    Let, —  ' 

r  =  numlx3r  of  revolutions  in  ^pyq^tim^ 
t  =s:  time  in  seconds. 
»  d'Ts:  diameter  of  driving  wheels,  in  feet. 

V     velocity  or  speed  in  miles,  ^r  hoi^. 

'  The  number  of  turns  per  hour  is        y  x  GO  minutes,  =  j 

■.  ....(«) 

t 

.     Xb#aaiabe»of  temper  mile^  48- /^^^~==:\  - 


1680-7 


The  speed'  in  miles  per  boar  is  equal  -to  (d)  divided  by  (^) ; 

or,  by  redaction, —  ♦ 

^  2-142  •  ... 
V   J   .      .       •  (4) 

The  Table  292  gives  multipliers  in  the  Hrd  column,  by  the 
use  of  which  the  speed  of  a  train  may  be  calculated  in  terms  of 
the  diameter  of  the  driving  wheel,  column  1,  for  any  given 
number  of  revolutions  of  the  wheels  in  a  given  number  of 
seconds.  The  speeds  in  the  *h\[  column  are  those  due  to  one 
revolution  in  one  second  ;  and  the  speed  due  to  the  given 
diameter  of  wheel  is  to  be  multiplied  by  the  observed  numlKT 
of  turns,  and  the  product  divided  by  the  time  of  observatiuu 
'n  seconds.    Or,  thus, — 
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Speed  for  1  turn  in  1  second  x 


liiimbdr  of  tiims  observed 


time  of  observation  in  sccoucls 
For  example,  a  5  feet  driving  wheel  makes  20  revolutions  in 
10  seconds.   The  multiplier  in  the  3rd  column  for  a  5-feet 

wheel  is  10*71 ;  and  the  speed  is  ( 10*71  x  ^  =  )  21-42  miles 
per  hour.  •  ..■..[ 

Table  292.— Multipliebsifob  Speed  of  Railwat  Tbains 


DtftllMtof 

Number  of 

Spe^for 

Disnieter 

Number  of 

Speed  fbr 

of 

R^'olutions 

One  Revolu 

of 

Revolutions 

One  Revolu- 

Driving 

in  One 

tion  in  One 

Driving 

in  One 

tion  in  One 

w  iiecis. 

oecoiiCL. 

Wlieels. 

oeconu. 

1. 

1  2. 

1   .  

8. 

1. 

2. 

8. 

r  i*.  ills. 

Bevola- 

1  tions. 

llfles 

per  Hour. 

Ft 

Ins. 

Revolu- 
tions. 

Hfles 

per  Hour. 

3  0 

1  660*2 

b-42 

6 

Q 

249-0 

11-46 

3  3 

517-1 

6-9(> 

7 

0 

240-1 

14-99 

8  6 

;  480-2 
1  448-2 
.  420-2 

7-50 

7 

8 

231-8 

15-53 

3  9 

8-03 

7 

fi 

224-1 

1  (>-()n 

4  0 

8-57 

7 

!> 

216-9 

lC)-60 

4  3 

395-4 

9ao 

8 

2101 

17-14 

4  (> 

i  373-5 

9-64 

8 

8 

203-7 

17-67 

4  1) 

,  353-8 

10-17 

8 

fi 

197-7 

18-21 

5  0 

1  336-1 

10-71 

8 

9 

192-7 

18-74 

5  3 

!  320-1 

11-25 

9 

0 

186-7 

19-28 

5  (> 

305-6 

11-78 

9 

3 

181-7 

19-81 

5  0 

i  292-3 

12-32 

9 

a 

176-9- 

1  20-35 

6  0 

1  280-1 

1 2-85 

9 

172-4. 

1  20-88 

6  3 

1  268-9 

13-39 

10 

Q 

168-1 

i  21-^ 

6  a 

'  25^-6 

1  13*92 

• 

1 

The  relations  of  the  speed  in  miles  per  hour  and  the  cone** 
spending  time  mnning  one  mile,  are  expressei)  by  the  for* 
mulas  (5)  and  (6).  There  are  (60"x  60  3,600  second^ 
in  an  hoar,  and  the  time  of  mnning  one  mfle  is  equal  to 
the  quotient  of  3,600  divided  by  the  'speed  in  miles  per  hour. 
Also  the  speed  is  eqnal  to  the  quotient  of  8,600  divided  by  the 
time  of  running  one  mile.  Or, 

.  _  3,600 

V  — "  ■'  ■  •  •  >  • 


V 

3^600 


(5) 


t  —  time  running^  one  mile,  in  seconds. 
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By  means  of  formula  (5),  the  Table  293  has  been  calculated. 


Table  29S.— Speed  ik  Miles  peb  HotrB,  jlsu 

OOBBESPOKDmO  TlHE  BUNNING  0KB  MlIiE. 


Speed  In 
Miles  per 
Hour.  \ 


t 


Time  Running  One 
Mile, 


Speed  in 
Miles  per 
Hoim 


Time  Running  One 
MUe., 


•  jnueB* 

mM  jufc  1 1.  ■■.  MM  M 

flWOOBUA*  ' 

Sepooflfl.  iKSii&.86C8 

1 

M. 

60 

0 

124 

2  4 

11 

'  J 

2400 

40 

0  ! 

120 

2  0 

*> 

irOo 

80 

0  1 

•>* 

116 

1  5(; 

0  1 
-  2 

•  9 

1440 

24 

0  ' 

•  >^ 

112 

1  52 

1 200 

20 

0  ! 

H8 

109 

1  4i> 

•'2 

1  ()2ft 

J.  v^o 

17 

8 

••14 

106 

1  46 

4 

000 

15 

0 

85 

108 

1  48 

H 

•  r 

18 

20  : 

8f» 

100 

1  40 

•  7*20 

12 

0  , 

87 

97     1     1  37 

fiOO 

10 

0  1 

95 

1  3r> 

7 

nl4 

8 

84  ; 

92 

1  82 

450 

7 

80  ' 

40 

90 

1  30 

if 

I  400 

6 

40 

88 

1  28 

1  8f>0 

6 

0 

86     i     1  26 
84     I     1  24 

11 

'  827 

27 

to 

J.  4J 

800 

i) 

0 

44 

82 

1  22 

277 

4 

87 

4V  t 

80 

1  20 

14 

I  T 

257 

'  4 

^'  1 

4fi 

79 

1  19 

15 

240 

t  4 

0  ! 

47  • 

1  77 
'  -75 

1  17 

l(i 

225  i 

8 

45  j 

48 

1  15 

17 

212 

8 

32  i 

49 

78 

1  18 

".18  - 

-200 

-  8 

20  1 

50  - 

.  72 

1  12 

19 

'  190 

'  8 

10 

51 

71 

1  11 

20 

180 

3 

0,. 

52 

.  70 

1  10 

;  21' 

•  171 

2 

51  , 

58 

68 

.  22 

1G4 

2 

44 

54 

67 

28 

157 

,  2 

37 

55 

I  5 

2i 

150     1  2 
144  2 

ao 

56  . 

64 

.i  1  4 

25 

24 

.     »7  . 

63  . 

13 

26 

138 

•> 

58 

62 

1  2 

*'  27  • 

133 

2 

13 

59 

61 

1  I 

28 

129 

1  2 

9   ,  60 

1    1  0 
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Table  298. — Speed  in  Miles  peb  Houk  {j'ontinued'). 


Speed  in 
Miles  per 

Time 
Running 

Speed  in 
Miles  pec 
Hoar. 

Time 
Running 
One  Mile. 

Speed  in 
Miles  per 
Hour. 

Time 
Running 
Octe  Mile. 

Mile*. 

SecQiiidfl, 

Miles. 

Seconds. 

imee. 

Seconds. 

61 

59 

75      I.  48 

88 

41 

«^ 

56 

76  i 

'  47*4 

89     i  40-4 

63 

57 

77 

.  47 

90 

40- 

64 

56 

78 

46 

.91 

39-6 

€5 

55 

79  , 

.  45-6 

92 

1  39-1 

66 

54-5 

80 

45 

.9^  . 

38-7 

67 

^4 

81 

44-4 

.  W 

38-8 

68  • 

82 

44 

95 

.  37-9 

52 

83 

48-4 

90 

.  37-5 

70 

51-4 

84 

48 

97  • 

,  37-1 

71 

51 

85 

42 

98 

30-7 

72 

50 

86 

41-0 

99 

36-4 

73 

49 

87 

41-4 

100 

36 

74 

48-6 

Table  294.— Bulk  and  Weight  of  Goods,  as  convsyep 


< « 


BY  Railway. 
(CoL'Kennedy.)- 


Number  of 
Kind  of 
Goods. 

No, 
1 

2 
3 
4 
5 
6 
7 


I 


Deseiiption  of  Goods  canied. 


Class  1. 
Unpressed  Cotton  . 
Fnrnltiire  •  • 
Half -preyed  cotton 
Cotton  seeds 
Wool  . 

Fruit  and  vegetables . 

Eggs 


.1 


Cubic  Feet 

DerTon  l>er  Cubio 
per  ion.   ]  ^^^^^ 


Cubic  Feet  1  Pounds.: 


^24 

.It) 

i 

UOO 

11 

1 

186 

12 

• 
• 

186 

12 

1^ 

16 

• 

1 

100 

22 

* 

90 

• 

1  25 

Class  2. 

8 

Grass .  . 

.    .  1  80 

28 

9 

Sundries 

80 

10 

Bagging    .  -  \ 
Commissariat  storeb 

.    .  •    -  70  '  • 

L  .  32 

11 

70 

32 
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Tablb  294.*— BULK  4iin>  Wisi^bt  ov  Goods  (ficMinmed). 


JTuiubcr  of 
Kind  of 

Goods. 

Xo. 

12 
IS 
14 
15 
U 
17 
18 
19 
20 
21 
22 


Description  of  Goods  oarxied. 


Class  2  (contimued). 
Full-pressed  cotlon  . 
Flax  and  hemp 
Groceries  • 
Grains  and  seed  . 
Twist. 

Sugar  .... 
Soap  .... 
Firewood 

Salt  .      .      .      .  ' 
Lime    •     •  • 
Dry  fruits  . 


Cubic  Feet 
per  Ton. 

Weight 
per  Cubic 
root. 

Cubic  Feet. 

Pounds 

70 

B2 

70 

32 

«0 

87 

60 

87 

60 

87 

66 

40 

66 

•  40 

66 

40 

61 

4*4 

61 

44 

60 

46 

24 

26  r\ 


26 
27 
28 
29 
SO 
31 
32 
33 
34 
35 
36 


Class  3. 
MotasBBB- — r  \  -  T^'  •: 

Seed  cotton  «  .  •  . 
I  ]^owxa  (flowers  .whic^  pio- 1 
I  duce  spirit)  •  •  •  -  .  j 
Timber  .  '  . 
Ghee  (clarified  butter) 
Oil.  .  . 

Piece  goods 
Rape 

Beer  and  spirits .    • . ' 
Coal 
Paper 
Tobacco . 

Opium 
Machinery 


Class  4. 


37 

Qstlery 

88 

Pcvtash 

39 

Sand 

40 

Colours 

41 

Bricks 

.42 

43 

Metal 

i 


' 

•80 

45 

50 

45 

50 

46 

60 

40 

56 

40 

56 

40 

66 

40 

66 

3(5 

62 

28 

80 

28 

80 

28 

80 

26 

86 

26. 

90 

t 

I 


•I 


20 

112 

20 

112 

:«0 

112 

18 

124 

17 

132 

15 

148 

5 

448 

1  ■ 

r  ♦ 
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TA-BT.E  295.— OATl-RTAaE  StOCR,  MtDLAXT)  RAILWAY. 


I 


Carriage. 


3 


Compartments. 


(5-w1ieel  bogie  com  -  \ 
posite .  ,  .  / 
4-wheel  bogie  com-  \ 
posite  .  .  .  / 
4-wheei  bogie,  third  \ 

4- wheel  bogie  com-  \ 

posite  .  .  ./ 
6-wli(>cl  tirst  class  . 

6-whccl  composite  . 

6-wheel  third  class  . 


Ft. 

64 

45 

43 

40 
30 
81 
31 


3  first  class,  4  third  \ 
class,  1  luggage  =  8  j 

3  first  class,  3  third  1 
clasS).!  luggage =6  / 

7  third  class     .  « 

2  first  class,  8  third  \ 
class,  1  luggages  tJ  / 
4  first  class  ... 
2  first  class,  2  third  \ 
class,  1  luggage =5  / 
5third  class 


Number  of  1 
Passengers.  | 

Weight  of 
Vehicle. 

Price. 

Tons.  Cwts. 

£ 

58 

23  0 

1007 

48 

lo  iU 

768 

70 

17  15 

G20 

42 

17  5 

654 

24 

10  IS 

516 

32 

11  10 

450 

50 

10  7 

890 

-•^'I^ABLE  20G.— Wagon  Stock,  Midland*  Bailway. 


Wagon. 


Covorcil  r^nods 
High  -  sidt'il, 
lor  goods  or 
coal  . 
Xow*sided 
CJsttle  ixragon 


External 
iJiiiiensions 
oyerOomer 
Pillars. 


s 


Ft  Ins. 
14  11 

14  11 

14  11 
18  6 


Ft.Iu«. 
7  5 

i  0 

7  6 

8  0 


Internal 
Dimensions. 


Ftlns. 
14  2 

14  0 

14  6 
17  9 


Ft.  Ins. 
6  10 


0 


7  0 
7  4 


5  ? 


Ft.  Ins 

6  la 


2  10 


1  9 
7 


Oh 


Load 

to 


Weight 
of 


Carry.  Wagon. 


Tons. 
8 

8  . 

8 
8 


Price. 


Tn8.Cwts. 

'  '6":8 

414' 
6  O' 


72 


61 
86i 


1  < 


£leetri«al  Propnlaion  on  Bailwftys. 

Li  consequence  of  the  number  of  stages  between  the 
generation  of  steam  in  the  stationary  boilers  and  the  hauling 
.of  tJie  tiadn,  the  ef&cicncy  of  electric  propulsion  is  relatively 
small.  .  There  ia,  iiist,  the  power  oomsomed  in  driving  the 
engine  and  dynamo ;  then,  the  dyimino  cannot,  give  in 
electrical  power  all  the  mechani^l  power  applied  to  it ;  then 
there  is  the  loss  by  line  resisybance  wafX  leakage »  and  the  loss  in 
the  motor,    Tbeae  losses  were  sodk^  in  one  case,  that  the 
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efficioney  of  the  entire  plant  was  only  16*1  per  oent^  In 
al^f^thfl^r  itnfitt  affioisiftov  avAiamd  25  dot  ccDt*  Tlie  cost 
for  power  by  deetric  agency  is  considered  to  be  about  fonr 
times  that  of  direct  steam  power. 


The  total  length  oE  tramway  lines  in  the  United  Kingd<nn 
open  for  public  traffic  on  the  30th  June,  1889,  was  949  miles, 
distributed  as  follows  ; — 


Of  this  length,  407J  miles  were  double  line,  and  541  i  miles 
were  single  line  :  respectively  42  per  cent,  and  58  per  cent. 

The  total  capital  expended  at  June  30»  ISSd^  amounted  to 
£13,664,591  ;  or  £14,400  per  mile  open, 
:    The  working  stock  was  as  iollowa : — 

27,060  horses,  or      .      .  28|  hoises  per  mile  open. 

5^  locomotiyes      •  •  '57  locomotives  ^ 
3^45.cazB»or  .      .      .  3-84  cars 
62,041,013  miles  were  run  by  cats. 

The  gross  receipts  for  the  year  were  £2,980,224  ;  or  £3,140 
per  raile  open  ;  or  11  ^d.  per  car  mile  run. 

The  working  expenses  were  £2,266,681,  or  76  per  cent,  of 
the  receipts  ;  or  H^d.  per  mile  run- 
Flat  foot  girder  rails  of  steel,  weighing  from  80  lbs.  to 
.  DO  lbs.  per  yard,  are  now  most  commonly  laid.     They  are 
about  6  inches  in  height,  and  from  5  inches  to  6  iucbeis  wide  at 
the  flange-base. 

Cars  capable  of  holding  20  passcngei's  inside,  and  22  outside, 
weigh  about  2h  tons  each.    The  grdss  weight,  fully  loaded, 
5 A  tons.    The  body  of  the  car  is  15 J  feet  in  length,  6  feet 
8  inches  wide,  outside  m(\asurement.    The  total  length  of  the 
car  is  21 J  feet,  allowing  3  feet  at  each  end  for  the  platform. 

The  average  resistance  to  traction  is  about  30  lbs.  per  ton 
of  car  and  its  load.  When  the  rails  are  wet  and  clean,  straight 
and  new,  a  minimum  of  15  lbs.  per  ton  may  be  reached.  An 
occasional  maximum  resistance  of  60  lbs.  per  ton  may  be 
reached  ;  the  augmentation  being  due  mostly  to  the  clogging 
of  the  grooves  of  the  rails. 


TRAMWAT8. 


'  England 
Sootdand 
IreLand 


Hitet  opeiL 


758 
81 
110 


949 


Digitized  by  Google 


POWBR  ON  IBAMWAYS. 


645 


Cost  per  mile^  single  l/ne,  of  sample  of  Trannoay  :  girder  rail 

80  lbs.  ^er  yard^  7  inches  high. 

:£     jt,  d. 

Steel  rails,  80  lbs.  per  yard,  125J  tons,  @  £8  14^.  1,094  0  6 
Wrought-iron  fish-plates,  4J  tons,  @  £8    .       .      88    0  0 

„        „    bolts  and  nuts,  9  cwt.,  at  .        4  19  0 

Lifting"  and  carting  away,  522  cubic  yards, 

@  1.?.  9^.     .       .       .       .      .       :      .      4/)  13  0 

Excavation,  &c..  1,108  cubic  yards,  @  25.     .    .  •  110  16  0 
Portland  cement  concrete;  6   inches  thick, 
782  cubic  yards,  @  17.V.  .       .       ...       ,     664  14  0 

Laying  tramway,  1,760  yards,  @  U.  Sd!      .   .    146  13  4 

Total  for  the  way       .       .       .      .      .  2,104  16  4 

Paving,  &c.,  2,836  square  yards,  @  7.?.  3^.  .  .  1,028  1.  0 
Paving  in  cement  and  sand,  next  rails,  1,664 

square  yards,  @  7.^.  7d.  .  '.  '  .  ,  .  593  0  4 
Grouting  joints  of  sets  with  bittdnen,  4,400 

square  yards,  @  1«.  3^^.   284   3  4 

Total  for  paving  «^     .  1,905  4  8 

Total  for  way  and  paving     .      .      .  .  4,010  1  0 

*  Steam  Power  on  Tramways. 

.  Kitson  &  Co.'s  eng^ines  on  the  Birmingham  Central  Tram- 
ways weigh,  with  water  and  coal,  from  9  to  10  tons.  They 
draw  a  car  holding  60  passengers.  On  the  same  line,  the 
engines  of  the  Falcon  Company  have  8-inch  cylinders,  with 
14  inches  of  stroke,  and  2^  feet  wheels.  In  drawing  two 
loaded  cars  weighing  togeth(a'  18J  tons,  at  a  speed  of  6  miles 
per  hour,  on  a  gradient  of  1  in  25,  they  indicated  40  horse- 
power, consuming  from  8  to  9  pounds  of  coke  per  mile, 

Compressed-Air  Tramway  Xngbies. 

Mekarski's  system  of  employing  compressed  air,  heated  by 
an  admixture  of  steam,  is  in  operation  on  the  Nantes  tram- 
ways. The  efficiency  of  the  air-compressors  is  76  per  cent,  in 
volume  of  air  delivered  :  one  kilogramme,  or  2*205  pounds  of 
air,  compressed  to  a  pressure  of  426  lbs.  per  square  inch, 
supplies  energy  equivalent  to  90.875  foot-pounds,  and  100 
kilogrammes,  or  220  pounds  of  compressed  air,  is  sufficient 
to  propel  a  car  of  8  tons  loaded  weight  for  a  distance  of  from 
7 J  to  8  or  9  miles.  The  cars  have  seats  for  19  persons,  a  plat- 
form for  15  or  16  at  one  end.  and  the  heater  and  the  driver*S 
cab  at  the  other  end.    The  total  Icntrth  is  23|  feet,  and  the 
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width  is  7i  feet.  The  weight  ot  the  car  is  6  tons  empty, 
8  tons  fall,  of  which  the  adhesion  weight  is  ii  tons.  The 
compressed  air  is  contained  in  10  cylindrical  reservoirs,  placed 
tpransverael^  underneath  the  platform,  connected  hj  pipes^  in 
,  two  setSi  to  form  a  working  and  a  reserve  batterj,  naving 
respectively  70  and  28  cwbic  feet-  of  capacity ;  together, 
98  cnbic  feet,  and  holding,  when  charged,  220  poiindR  of 
compressed-air.  The  working  cylinders  are  outside,  5^  inches 
in  diameter,  with  a  stroke  of  10]  inches  ;  the  compressed  air  is 
cut  off  at  oTic-third,  The  driving  wheels  are  27J  inches  in 
diameter.  Tlie  heater  lias  a  capaeity  of  28  gallons,  an<l  the 
water  is  heated  to  300°  F.  by  the  injection  of  steam  befpre 
starting.  The  consumption  of  compressed  air  varies  from 
23  pounds  to  28^  pounds  per  mile.  The  woilcing;  cos);  ^  at  the 
rate  of  about  6d.  per  mile-run. 

From  the  results  of  trials  made  by  D«  K.  Clark  of  one  of 
Hughes  Sc  Lancaster's  low-pressure  compressecl-air  tramcars, 
propelled  by  means  of  four  sinfrlc-acting  5-inch  cylinders,  of 
3  inches  stroke,  it  appears  that  the  consumption  of  compressed 
air  was  at  tlie  rate  of  80J  pounds  per  mile-run  for  a  level. 
The  car.  with  passengers,  weighed  4}  tons  ;  and  the  work  done 
was  at  the  rate  of  22,070  foot-pounds  "per  pourifl  of  air.  The 
maximum  working  pressure  of  compressed  air  was  |>32  lbs. 
per  square  inch, 

w 

Eleetrical  Propnlsion  on  Tramwa3r8. 

The  Bessbro(jk  and  Xe wry  Tramway,  8  miles  long,  has  an 
average  gradient  of  1  in  86,  and  a  maximum  gradient  of 
1  in  ."iu  ;  and  is  to  a  8  feet  gauge.  It  is  worked  by  electric 
power.  Two  p;usser.ger  cars,  88  feet  and  21  feet  8  inches  long, 
are  each  provided  with  a  motor.  The  longer  car  weighs 
8 J  tons,  comprising  2  tons,  1  cwt.,  1  quarter,  the  weight  of  the 
dynamo,  bed-plate,  armature,  and  accessories.  The  shorter 
car  is  similar  to  the  longer  ;  and  there  is  a  third  passenger  car 
S3  feet  long,  weighing  tons.  The  generator  is  worked  by  a 
fall  of  water,  28  feet  mf^h.  There  are  two  g:enerating  dynanios 
for  a  normal  output  of  2&0  Tolts,  72  amperes,  at!  a  speed  of 
1,000  roTOlutions  per  miifate,  for  which  the  electrical  efficiency 
is  93*2  per  cent-.*  and  the  commercfal  efficiency  90*4  per  cent. 
The  conductor  is  of  channel  steel,  laid  midway  between  the 
rails  or  under  insulators.  The  circuit  is  completed  by  the 
rails  of  the  permanent  way,  which  are  uninsulated.  Bach 
locomotiYe  car  is  fitted  with  an  Bdison-Hopkinson  dynamoi- 
moton  A  speed  of  one  mile  per* hour  corresponds *ta  100 
revoHutions  of  the  dynama*axle'  per  minute.  •  Three  trains, 
having  six  trucks,  four  trucks,  and  no  tmcks  respeetively, 
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.andrweigMng.28^64'toim,  21*9  tons,  md  Br9  tons,  including 
the  weight  of  tha  locomotive,  were  tried  fox,  efficiency.  The 
•  leading  results  axe  given  in  Table  297,  and  the  percentages  in 
Table  298. 

Tablr  297.— -Bessbrook  and  Kewby  Tramways  : 


Items.* 


Gross  load  

Average  speed,  in  miles  ]ier  hour 
Total  energy  of  water,  i a  foot- 
pounds 

Total  electrical  energy  devel- 
oped by  generator,  in  foot- 

pOlllidH 


First 
I  Journey. 

Tn8.CwtA.Qr8 

28   12  a 
5-7 

60,291,000 


Second    I  Tliird 
Journey.  ^  Jouiuey. 


Tofl.  Cw-tBtUrg.  Tnii.Cwt8.Qr8. 
,  24   IS  0       8    H>  0 

7"2  11-3 

.  40^860,600  27,6:^2,000 
35,871,000     21,516,000  0,3»2,400 


Total  mechanical  energy  devel- 1    oaqo&  oaq 
oped  by  motor,  in  foot-pounds/  ^^^f^ 


Sum  of  electrical  lofues,  in  foot-  \ 

juiuikIs  / 

Li».ss  in  generator,  in  foot-i>onndii 
leakage      „  „ 
resistance  of  line,  in\ 
foot  iK)und8  .      .    .  / 
motor,  in  foot-jKninds  . 
Total  work  done  against  gravity' 
„            „  mction 
Average  tractive  forces,  exclu-'l 
sive  of  gravity,  in  pounds  per  > 
ton  J 


ft 


12,408,800 

,  .3,343,000 
^  l,420,-30O 

I    3,  n  13, 500 

4,008,  (iOO 
I  11,867,400 
18,060,800 

I  28-0 


15,493,500 

5,841,000 

1,735,800 
1,029,600 

i,'2<>o,r'00 

1,71>1,900 
7,356,800 
8,186,700 

2#-4 


7,170,000 

2,174.700 

801,900 
775,600 

287,  KM) 

82(J,700 
2,858,800 
4,812,600 

37-1 


I: 


E  i^^l:^ 


!iij()bK        iN'BSdftV  Tramways  :  [  > 

j  DjSTItlBtrTl'oN-  OP  Tow  EH.'  *  ' 


•  t 

r.r-  Itoiiis.  •:'  ' 

.     -  ; 

 CJJ^  

Ist  Journey. 

2nd  Jonmcy. 

Srd  Jonmey. 

.  Totil 
1  Power 
oj^ene- 

'Ititor. 

■   ■  - 

; 

Watet 
Power. 

Totjil 
'  Power 
of  Gene- 
rator. 

• 

Water 
Power. 

Total 
Power 
of  Gene- 
(TBtor.^ 

Witte»-pdwer  'i;v 

Generator, power  I 
^Mjet  motor  pnwor 
^LfOSS.iu  generator . 

^^^eHsistriV 

anco  .jf; 

in  iiiofor  . 

Per  c«nl. 

iioax) 

59-5 
5-6 

'  0-0 

Per  cent. 

100*0 
0l»-4 
.  9-3 

lOT) 
11-! 

Per  colli . 
100-0 
f>2'iy 
37-0 
4-2 

3-2  ' 

■1  ••( 

Per  ct  iiL. 

myo 

72-0 
8-0 

•  6-0 

8-:', 

Per  c«ut. 
100-0 
:?3*9 
20-1 
2*9 
f  '> 

ro 

■ 

1  ''^ 

Per  cent. 
•  r,i 
lOO'O 
76-8 

.3-1  ^ 
n-5 
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The  Barkhig  Bead  section  of  the  North  Metropolitan  Tram- 
ways is  WOTked  by  electrical  power  by  contract,  charged  for  at 
the  rate  of  about  ^d.  per  ear  mile  run,  indading  the  wages  of 
the  driver. 

Sesistance  to  Traction  on  Common  Boadi. 

(F,  V.  GreeneO 

Way.  Pounds  i>er  ton. 

Iron  10  lbs. 

Asphalte    .       .  •  15  „ 

Wood  21  „ 

Best  stone  blocks  •  33  „ 

Inferior  stone  blocks      .       .      .       .  •    .    50  „ 

Average  cobble  stone   9^  » 

Macadam  •      .  100  „ 

Earth  200  „ 


STEAM-SHIPS. 


The  gross  register  tonnage  of  a  ship  is  reckoned  at  the  rate 
of  100  onbio  feet  of  capacity  per  ton,  by  the  formula : — 

Begister  tonnage  =  C  •      •  (1) 

L  =  inside  length  on  the  upper  deck  from  the  plank  at  the 
stem  to  the  plank  at  the  stem,  in  feet. 

B  =  in0ide  main  breadth  from  ceiling  to  ceiling,  in  feet. 

D  =  inside  midship  depth  from  the  *  upper  deck  to  the 
ceiling  at  the  limber  strake,  in  feet. 

Cf  =  a  constant,  the  values  of  whidi  are  as  follows  :— 

c 

Sailing  ships  '70 

,       .  T        I  Ships  of  2  decks    .  '66 
Steam,  vessels  and  iclippenj  j  g^^j^g    ^  ^^j^    ^  .^3 

( Above  60  tons   •   .  -60 
\achts      .      .      .         Under  60  tons       .  -46 

The  values  thus  obtained  express  the  entire  cubical  capacity 
of  the  ship.  Deductions  are  allowed  for  buildings  erected  for 
the  shelter  of  passengers  only,  for  crew  space  at  the  rate  of 
72  cubic  feet  per  man,  and  propelling  space.  This  third  item, 
for  screw  steamers,  is  taken  as  32  per  cent,  if  the  cubic 
content  is  13  per  cent,  and  under  20  per  cent,  of  the  gross 
topnage  ;  if  the  space  is  smaller  than  13  per  cent,  and  larg^ 
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than  20  per  cent.,  deduct  82  per  cent.,  or  1 J  times  the  content. 
For  paddle-steamers,  dedact  37  per  cent.,  if  the  content  is 
^0  per  cent,  and  under  30  per  cent. ;  if  the  space  is  smaller 
than  20  per  cent,  or  larger  than  30  per  cent.|  deduct  37  per 
cent.,  or  1^  times  the  content. 

•  Bmlder*s  measurement  is  computed  in  terms  of  the  length 
and  the  breadth  bj  the  formcda  i— 

.      .        •     Tonnage  ^CL -00  B)  1-5.  B    .  ^ 

•  ^ 

!  L  =  length  measured  from  the  back  of  the  main  stemi  post 
;  to  a  Tertical  from  the  fore  part  of  the  main  stem 

uiidijr  the  bowsprit,  in  feet. 
B  ss  the  extreme  breadth  to  the  outside  planking,  exduslTe 
at  doiiibiing  plaaka,  in  tstiL 

BesUtanee  of  Ships. 

The  thrust  on  the  collars  of  the  propeller  shaft  is  a  measure 
of  the  power  actually  exerted  for  the  propulsion  of  the  vessel. 
Let  P  =  the  thrust  or  pressure  of  tlie  propeller  against  the 
thrust  bcarino:  in  pounds  ;  and  S  =  the  speed  of  the  ship  in 
feet  per  minute  ;  the  elfective  horse-power  is,— 

•     S  X  P 

'    •         33,000  '   '  * 

Taking  it  as  two^thiids  of  the  indicatoi:  power,  which  is  a 

S  X  P 

usual  proportion,  f  I.  H.  P.  =  :  and 

•  •  •  38,000*  ■  • 

P=I.H.Px  ?!:^^.  .      .      ,  .(3) 

The  effective  indicator  horse-power  required  to  propel  t 
steam-ship  is  given  by  the  following  f ormule  :— 

Eff.  I.  U.  P.  =  J^.^S  .  .  (4) 
Iff.  1.  H.  P.  =  A  ^         .      .  .  (5) 

s 

I.  H.  P.  s  effective  indicator  horse-power,  or  the  net  indicator 
power  for  propulsion. 
D  =  displacement,  in  tons. 
S  =  speed  in  knots  per  hour. 
A    immersed  mid  ship  section,  in  sq^uare  feet. 
C  ^  a  constant. 
K    a  constant. 
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The  results  obtained  by  iiieaus  uf  these  formulae  are  to  L'c 
taken  as  only  apj)roximate.    The  first  is  the  more  trust \rortiiT. 

The  followincr  are  a  few  values  of  the  constants  C  and  K 


i 

LengUu  '  Speed.  C. 


Less  than  2U0  feet  .  About  10  knots  '     210  (m 

200  to  250  feet   .  .               11     »  .     220  r>00 

250  to  800    „  .                12     „  *  240  «20 

300  to  400    „  ,                15  250  (>50 

OveiilUO     n  '                    X7     ^  I    240  620 


The  effective  indicator  horae-power  may  also  be  calculated 
in  terms  of  the  area  of  wetted  sniface,  hy  the  formiala  : — 

•     ****  '20,000 

W'^  area  of  wetted  surface^  }p.  square  feet. 
"  8  =  speed  in  knots  per  hour. 

Porood  Braoght  in  Marine  Boilers. 

A  blast  of  compressed  air  Was  applied  in  the  chimney  of  the 
B^lue/*  with  the  results  given  in  Table  299. 

Table  299.— Comfbebsed-Ai&  Ezhau&tikg  Bi«ast  on 

,  THE  S.S.  "  HASpLpB." 


*  ho  u  ti...  Aiai,.    sonied  i>dr  <  Inmcator  'Evaporated 

Fni  1  ^  F^^^^i  Hour  (Anzin  |  Horse-Power,  in^r  P<)und 
Engine.  Eugiue.      i,riquettC8).  }  per  Hour.  I  ofCoiU, 


I.  H.-P.  I.  H.-P.        Fuuuds.    I    Pounds.  Pounds. 

0-00    I  ; 

natural     I       bib     '    -213  3-72  10'77 


drauLfht  \ 

O'M  *  '      M8-S  .  '     .289  3-26  8-82 

2-00  ■     10()-5  815  3-12  S'OU 

8-00  lOG-1  821  3-04  7-82 

4-  2U  •     118-8  348  I     2-93  '  7'82 

5-  UO  119-8  ■  •  874  '  3-12  j  753 
«-00  •  127-9  400  :  3-12  r  •  7-00 
7-40  '     i:?.V7  "      420  ■      8.10  \  7m)8 


The  fuel  consumed  and  the  p  )wcr  \vei"ejj,doubieU|,  but  the 
"apurative  ciiicieucy  vvaa  reduced. 
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From  the  results  of  trials  on  ships  of  the  Navy,  it  ajppe^ini 
that  with  open  stokeholds  and  natural  draught  ▼ersa9  closed 
stbkeliolds  aod  forced  draught,  the  Indicator  poWer  of  the 
engines  was  increased  by  52^  per  cent, ;  arid  60  per  ton  of 

boiler.,  .. 

By  Mr.  Fothergiirs  system  of  closed  ashpits  and  forced 
draught,  there  is  an  economy  of  20  per*  cent,  of  coal  for 

steaming. 

With  a  combined  forced  and  induced  draught  by  com- 
pressed air  into  the  ashpit^  the  speed  of  a  steam  launch  was 
increased  from  8  knots  to  6  knots  per  hour.  The  quantity  of 
water  evaporated  per  hour  was  trebled. 
'  By  an  induced  draught  caused  by  an  exhausting  fan  at  the 
base  of  the  chimney  of  a  marine  boiler,  nearly  three  times  as 
much  water  was  evaporated  as  by  natural  draught;  about 
6  per  cent,  less  water  was  evaporated  per  pound  of  cpaL 

Average  Weight  af  SteaB^Siiguies  !Brttk-.Boilert|  Watev» 
and.  all  fUtings  per  Indieator  Biorse«>pDwer.  . 

'  '    (F.  C.  Marbhall.) 

Merchant  i^teamer   480  Ids. 

lloykl'Navy     .   '  .     ..            .      .   .  360  „ 

Engines  specially  designed  for  light-draught 

vessels      .      ►      .             .      .      *  280  „ 

Royal  Navy,  Polyphemus  Class      *      .   .  180  „ 

Locomotive                     ,      .      .  ^  .  140  „ 

Torpedo  vesseis       .       .       .       .       '.'  .  (50  „ 

O^Tiipary  Marine  boilers,  with  water  •      .  196  „ 

.,^9p6m,al4ye,boUers,  wj[t^  ...    60  „ 

Average  Proportions  and  Results  of  Performance  of 

Compound  Engines. 

•      (F.  C.  .Mariihall.) 

Avci'lige. 

Speed  of  piston  iu  I  ^  j 
feet  per  minute    .  ) 


i  I  « < 


Working  pressure  of 


stoiun  above  the  >    „    70  lbs.  tg  iOU  lbs»  .    77  4  lbs. 


aimospliere  .  "  ♦  I 
Condensing  surface 


.  Heating  (5uif ace 


1,618  to  7,427  Sii,  ft. 
2,379  to  11,046  „ 

I    „   2-77  to  6-30        „      3-92 sq.ft. 


Coal  consumption  m  ( 


•.^0  to  2,74o  I.  H.  P. 


Digitized  by  Google 


§52  sxjsAM-sHiPa 

Coal    consoxDption  ] 
per  L  li.  P.  per  i  from  IJ  to  2  lbs.     .      .    1-83  lbs. 
hour    •      .      .  ) 


Heating  sarface  per  ) 

Sound  of  coal  per  I  „  1*65  to  3*12  sq.  ft. 
our       •      .   . ] 


2-lS  sq.ft. 


The  above  proj^ortions  apply  with  sufficient  nearuess  to  the 
multiple  compound  praciice  of  to-day,  excepting  that  higher 
pressures  are  employed,  up  to  100  lbs.  per  square  inch  in  the 
boiler  ;  and  that  the  consumption  of  coal  may,  under  good 
conditiops,  be  reduced  as  low  as  l.  ii  lbs.  per  I.  II.  P.  t>er  hour. 

liorse-power  of  JIlaiiuQ  Engines. 

The  North  East  Ooast  Institution  of  Engineers  and  Ship- 
builders have  fraitted  a  gai^»l  rule  for  4rhat  they  designate 
the  Normal  Indicator  UdfSc^iowiSt  on  loaded  trial  trip  of 
surface-condensing  marine  screw  engines  working  at  anj 
boiler  pressure  between  50  lbs.  and  250  lbs.  per  square  inch. 

(For  screw  engines)  Ss.  I.  H.  F.  =  —  —      .  (T) 

D  —  diameter  of  low-pressure  cylinder,  in  inches. 

S  =  stroke  of  piston,  in  inches. 

P     working  boiler  pressure,  in  lbs.  per  square 

inch  above  the  atmosphere. 
H  =  heating  surface  of  boilers,  in  square  feet. 
i=  mean  pressure  in  lbs.  per  square  inch^  reduced 

to  low-pressure  cylinder. 
K  =  revolutions  per  minute. 
I^.  1.  H.  r.  =  maximum  normal  indicator  horse-power,  or 

loaded  trial  trip,   of  surface-condensing 

marine  screw  engines. 

The  conditions  assumed  as  normal  are :  1.  That  the  steam, 
whatever  its  initial  pressure,  is  expanded  in  the  engines  to  the 
same  pressure.  2.  That  the  expansion  is  effected  in  the 
engines  with  the  same  degree  of  efficiency  for  all  pressures 
between  50  lbs.  and  250  lbs.  per  square  inch.  On  this 
condition,  for  the  higher  pressures,  engines  of  triple,  qua.1- 
ruple,  or  more  expansions,  must  be  employed,  the  number  of 
expansions  depending  on  the  initial  pressure.  From  conditions 
I  and  2,  it  follows  that  the  mean  pressure  reduced  to  the  low- 
pressure  cylinder,  Fm,  may  be  assumed  as  proportional  to  the 
cube  root  of  the  boiler  pressure,       \  and  that  its  actual 
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iKwded  trial*t]ip  value  may  be  takeu  witiioat  sensible  enor 
as  5*6  ^/F.  3.  That  the  piston  speeds  of  engines  <^  di&rent 
lengths  of  stooke,  are  pioportionaL  to  the  cube  loots  of  their 
respective  stndces;  and  that  the-  actnallooded  triaUtrip  valne 
of  pistcm  speed  may  be  tak^  as  144  ^o.  4.  That  in  all  cases 
where  the  engines  and  boilers  bear  to  each  other  such  propor- 
tions as  to  prevent  condition  1  from  being  fulfilled,  without 
thereby  violating  condition  3,  the  coal  consumption  per 
indicator  horse-power  will  not  be  affected,  but  will  be  constant 
for  the  same  boiler  pressure.  5.  That  the  boilers  are  con- 
structed .in  aoeordanoe  vrhk  the  fair  average  practice  of  the 
present  day  ;  that  if  forced  .draught  be  employed,  it  does  not 
exceed  the- average  chimney  draught ;  that  the  horse-power  is 
proportioDal  to  the  heating  surface,  H.,  and  to  the  cube  root  of 
tlie  pressure,  \/jb' ;  and  that  the  a^ual  loaded  trial-trip  horse- 

H  P 

poiyer  may  be  taken  as  — -f— .      That  the  efficiency  of  the 

16 

engine  mechanism  is  constant,  and  that  the  propeller  is  such 
that  the  engines  may  utilise  the  boiler  power  in  the  manner 
prescribed  in  conditions  3  and  4. 

DednctionB  from  the  Sole. 


I.  H.  P.  of  engines  =  b  .      .      .  (8) 


1.  H.  P.of  boUers  =  5-5^  •      .      .   .  (9) 
:  These  values  (8)  and  (U)  ai'e  equal  j  and,  reducing,— 

(For  screw  engines)  H  =  — -     .      •  (10) 

3*25 

Assuming  that  half  the  sum  of  the  powers  calculated  for  the 
engines  ami  boilera  taken  togethei-.  or  the  mean  of  the  powei's, 
represents  the  effective  power  of  the  system,— 

N.  1.  H.  P.  of  screw  engines  and  boilers  jointly  = 

jP'  .^>S  4-  '6  H)  S/P   .  '  -  ...^ 

For  paddle  engineSf  the  same  formula  is  available,  with  a 
suitable  co-efficient.  Taking  the  piston  speed  at  90  \/S':— - 

(For  paddle  engines)  K>  I.  H.  F.  =  -J  (12) 

T)2 
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PUMPING  STEAM-ENGINES 


What  is  known  as  nominal  hoiae-power  may  be  valued  at 
one-sixth  of  the  normal  indieiitar  her^e-power.         .  . 

In  Amerioa,  a  standard  of  horse*power  has  come  into 
practice,  measuiied  by  30  pounds  of  water  evaporated  per  hoar, 
at  a  pressure  of  70  lbs.  per  sqoare  imeh  atove  the  atmosphere, 
from  100^  F.  per  borse-pow^* 


PUMPING  STEAM-ENGINES  AND  PUMPS. 


The  net  work  doue,  or  duty  effected  by  a  pump,  is  equal  to 
tlic  product,  of  the  weight  in  pounds  of  water  lifted  by  the 
hdght  in  feet  through  which  it  is  raised.  The  efficiency  of 
the  pamp  is  the  ratio  ot  the  effective  work  done  to  the  whole 
work  expended  in  drivHnj^  the  i^ump.  The  efficiency  increases 
gimerally  with  the  height  of  the  ii£tiy  as  ^own  in  I^ie  300* 
•  •    *  '      <  .  •  • 

* 

Table  300.— Bfpicibncy,  ob  Ratio  op  Duty  to  Ekgive- 
Power,, OP  IiAAGB  .Pumping  Engines. 


Head,  in  Peet 

4*—  I.,       Tit  t| 


Efficiency  per 
Cent. 


90-8 


Cornish  pumping  engines .      .  140 

Rotative  beam  engine  ^      .  •  .  20*5  i  ^.  86 

Rotative  Woolf  beam      .  210  !     85  to  88 

Rotative  receiver  beam      «  •  35  77*4 

Rotative  compound  beam .      .  169  1  83*7 

Worthington  pump     •      ...  60*6  •  85 

148-5  91*5 


«  •      •  • 


The  duty  of  a  pumping  eiii^iiie  is  defined  as  the  number  of 
pounds  of  water  lifted  one  foot  high,  by  the  consunipiiou  of 
I  cwt.  of  coal"  (112  pounds).  The  duty  may  be  deduced  from 
the  performance  of  a  pumping  engine  expressed  in  pounds  of 
eoal  consumed  ptT  indicator  horse-power,  by  dividing  1.980,000 
bv  the  given  pounds  of  coal,  and  multiplying  the  quotient  by 
U2. 

'  Conversely,  the  fuel  consumed  per  net  horse-power  of  the 
pump  may  be  calculated  from  the  duty  expressed  in  foot- 
pomuis  per  evvt.  uf  coal,  by  dividing  the  duty  by  112,  t4j  give 
the  duty  per  pouad  of  fuel  ;  and  dividing  the  quotient  into 
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1,980,000. .  Tliu  tiiial  quotient  is  the  quantity  of  coal  in  pounds 
<5on8umed  per  horse-power  per  hour. 

Or,  divide  222  by  the  duty  in  millions  of  pounds  lifted  one 
foot  per  owt.  of  fuel.  The  quotient  is  the  quantity  of  coal 
consumed  in  pounds  per  horse-power  per  hour. 
•  The  duty  or  effeotlTe  horse-power  of  pumping  engines, 
varies  from  75  per.  cent,  to  85  per  cent,  of  the  indicator  power, 
for  vertical  direct-acting  and  beam-rotative  engines.  For 
homontal  pumping  engines,  the  duty  horst^-power  is  about  85 
per  cent,  of  the  inScator  power.  The  Worthington  horitsontal 
compound  direct-action  pumping  engine,  tested  by  Mr.  J*  G-, 
Mair,  realised  a  duty  power  91^  per  cent,  of  the  indicator 
power;  or,  deducting  3^  per  cent,  for  the  aid  of  an  auxiliaiy 
engine  to  work  the  air-pump  and  the  feed-pump,  a  net  effici- 
ency of  88  per  cent,  is  obtained. 

TbA  slip  of  large  reciprocating  pumps  varies  iroi^  5  per 
eentw  to  1^  per  cent.,  or  occasionally  less :  showing  that  from 
95  per  cent,  to  98}  per  cent,  of  the  working  capacity  of  the 
piimp  is  udlised.  An  av^iage  of  2}  per  cent,  of  slip  may  be 
taken.   It  is'cufitomar^  to  incdnde  an  allowance  of  5  per  cent, 
for  slip.   In  rare  instances  there  is  no  slip.  * 
.  Of  the  four  values,  the  area  and  stroke  of  the  pump^and 
the  area  and  stroke  of  the  steam  cylinder,  or  of  the  second 
cylinder  of  a  compound  engine,  to  find  the  value  of  one,  when 
•those  of  the  three  othei*s  are  known.    The  product  of  the  ar  a 
of  the  steam  cylinder  by  the  effective  average  pressure  pet 
^square  inch  is  equal  to  the  product  of  the  area  of  the  pump 
'barrel  by  the  load  in  pounds  per  square  inch,  plus  an  allowi- 
ance,  say,  of  2.")  per  cent,  to  overcome  frictional  resistanca 
Whence  the  following  rules,  in  which  the  areas  of  the  cylinder 
and  the  pump-ban  el  are  expressed  in  square  inches,  and  the 
pressures  and  loads  in  pounds  per  R(iuare  inch  : — 

1.  To  Jiiul  tJm  re^uhrd  area  oftlm  cylmder.  Multiply  the 
area  of  the  air-pump  by  the  load  on  the  pump,  and  divide  by 
the  effective  average  pressure  of  steam  available  in  the 
cylinder.    Add  25       cent,  of  the  area  for  friction. 

2.  To  Jiiid  the  arerat/e  p(feetire  ,4r(im  prcfOfure  required  Ih 
the  eylinder.  Multiply  the  area  of  the  piinij)  by  the  load  on 
the  pump,  and  divide  by  the  area  of  the  cylinder.  The  quo- 
tient is  the  effective  average  pressure  re<]uired  to  balance  th§ 
load.    Add  2.')  per  cent,  of  the  pressure  for  friction. 

*  8.  To  find  tJic  hxid  df/ah/.sf  icliieJi  the  pump  tci/l  dclirer 
'irater.  Multinlv  the  area  of  tiie  cylinder  bv  the  eirc'-live 
average  stciuin  prt'ssiire,  and  divide  by  the  area  of  the  pump. 
:l*'rom  the  (piotieul  deduct  20  per  cent,  for  friction  ;  the  re- 
iiuaiiKler  ib  the  prgssuiu  or  load  under  which  water  wiU  be 
I  delivered.  i  '     *  - 
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4.  To  find  the  an  a  of  five  pumij-harrd.  Multiply  the  area 
of  the  cylinder  by  the  effective  average  steam  ]iressure,  and 
divide  by  the  load.  Deduct  2()  })er  cent,  for  friction  ;  the 
remainder  is  the  area  of  pump-barrel  required  to  balance  the 
load. 

In  the  ease  of  compound  engines,  the  ania  of  the  second 
cylinder  is  to  be  taken  into  the  calculation  ;  aad  the  effieotlve 
average  pressure  in  the  first  cylinder  Is  to  be  reduced  in  the 
ratio  of  the  area  of  the  seoond  cylinder  to  that  of  the  first 
cylinder ;  and,  thns  reduced,  added  to  the  effective  average 
pressure  in  the  second  (^linder.  The  sum  is  to  be  adopted  for 
calculation  as  in  the  case  of  a  single  cylinder. 

Speed  of  Pistons. 

The  speed  of  steain*pistons  may  be  from  IOC  feet  to  200  feet 
per  minute.  The  water  may  paiu  through  the  service-pipes  at 
speeds  of  from  150  feet  to  350  feet. 

Six-inch  three -throw  pumps,  raising  water,  petfonned  the 
follo\ving  duties  for  correspotiding  lifts,  in  parts  of  the 
indicator  power : — 


1 

Water  Jt»er  Hour.      j  Lift 

Efficiency. 

120  barrels       I         165  feet 
160     „                   140  „ 
80     „                     54  „ 

250                   '            4S  .. 

77    per  cent, 
65-6  „ 
78-5  „ 
45-0 

Centrifugal  Pumps. 

Table  301.— Raisino  Wateb         Deep  Wells: 

(Appleby.) 


Quaiititv  of 

Lift  for 

Lift  for 

Lift  for 

Lift  for  One 

Wakr  lifted 

OiH^  Mnn  on 

Onp  Donkpy 
]']n*!:ine. 

One  Horse 

Horse-Power 

l»er  Hour. 

Crank. 

Kn«jiine. 

Steam-Kugine. 

Gallons. 

Feet. 

Feet. 

Feet 

Feet 

200 

90 

180 

630 

990 

350 

52 

102 

357 

561 

500 
\  650 

36 

72 

252 

396 

28 

56 

196 

308 

i  800 

22 

45 

154. 

'  242 

looo 

18 

36  1 

126 

19Q 
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The  maxamiini  dn^  of  a  centrifugal  pump  worked  hj  a 
steam-engine,  aecoiding  to  the  late  Mr*  David  Thomson, 
varies  from  55  per  cent,  for  smaller  pumps  to  70  per  cent,  for 
larger  pumps.  For  lifts  of  from  15  to  20  feet,  the^  are  as 
ecoDomical  of  power  as  ordinary  pumps ;  for  lifts  of  4  or  5 
feet  they  are  more  efficient. 

The  height  to  which  wiat^  wocild  asi^nd  in  a  pipe  by  the 
.action  of  centrifugal  force,  would,  if  there  were  no  other 
resistances,  be  that  due  to  the  velocity  of  the  circomferenee 

at  the  revolving  wheel,  or  to  _  or— -  . 

Chain  Pumps. 

An  endless  chain,  fitted  with  floats,  circulating  continuously, 
and  drawings  up  an  inclined  plane,  utilises  in  duty,  40  per 
cent,  of  the  power  applied.  I^ifting  water  through  a  vertical 
pipe,  the  efficiency  is  <)5  per  cent.  The  slip  is  about  17  per 
cent. 

Hydraulic  Bams. 

The  efficiency  of  the  hydraulic  ram  is  expressed  by  Dau- 
bnisson's  formula' : — 

'3':.1.42-.28^|^      ...  a) 

quantity  of  water  used,  in  gallons  per  minute. 
^/'= quantity  of  water  raised,  in  gallons  per  niinute. 
//  =  head  used,  in  feet. 
///=lift,  in  feet. 


Table  302. — Efficiency  of  Hydbaulic  Rams. 


Ratio 

Ratio 

Batio 

Batio 

of  Lift 

Effici- 

of  Lilt 

Bf&ci- 

of  Lift 

Bffiei- 

to  Fall. 

ency. 

U)  Fall. 

ency. 

to  Fall. 

ency. 

to  Fall. 

ency. 

Fan«»l. 

FaU  =  l. 

Fall=l. 

FaU=l. 

Ratio. 

Per  'cent. 

Ratio. 

Per  cent. 

Ratio. 

Per  cent. 

Ratio. 

Per  cent. 

'  4 

72 

10  ' 

44 

16 

25 

22 

9 

5 

66 

11  ' 

41 

17 

23 

7 

6 

61 

12 

87 

18 

19 

24 

4 

7 

57 

13  J 
14 

34 

l\) 

17 

2.1  i 

2 

8  ' 

52 

31 

'20 

14 

26 

0 

!>  ' 

48 

1.1 

28 

21 

..XbfeJ^ahle  302.  of  fiffigicjncies.was  calculated  by  means  .^f 
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•this  fonuDla,  only  fiire-sdxtbs  of  tbe  oaloulaled  valnea  being 
•ti^ieiiy  in  ardor  to  oover  cotitingeBcies. 

^L^ccording  to  Eytelvein's  fommla,  the  prop^  diameter  of 
the  driving-pipe,  in  inches^  is  equal  to  the  square  root  of 
the  quantity  of  water  in  gallons  per  minute. 

Cast-iron  Water-Pipes. 

The  RTiitahlo  thick neas  of  cast-iron  water-pipes  is  given  by 
the  formulae, —  • 

f=-25.-f,M  (2) 


4250 


(3) 


^  =  thickness  of         in  inches. 
H  =  head  of  pressure,  iii  feet  of  water. 
//  =  inside  diameter  of  pipe,  in  inches. 
y;  =  the  interior  pressure,  in  pounds  per  square  inch. 

For  the  usual  head,  300  feet  of  water,  the  formula  (2) 
becomes, — 

/  = -25  4- -081  (1   (4) 

For  socket  ends,  the  equivalent  lengfth  of  pipe,  equal  iii 
weight  to  that  of  the  socket,  is  given  by  the  formula, — 

Eqruivalentlengthininches=  7+-^    .      .      .  (5) 


»9 


feet    ^=*6  + 


Ibu 


(6) 


The  additional  weight  for  a  pair  of  joint-fianges  is  equiva- 
lent to  that  of  a  lineal  foot  of  pipe. 


COAIi  GAS,  fte. 


Table  30B. — Products  of  Distillation  of  Coal, 

PER  ton. 


< 

1 

1  Wigaii  Can  lie  L 

Wigan  Coal.'> 

Newcastle  CoaU 

10,900  cub.  ft. 

0980  cub.  ft. 

9700  cub.  ft. 

Coke    .      .      .  . 

143t)  pounds. 

1517  pounds 

1640  pounds 

Tar  .... 

17  gallons 

11  gaUons 

9  gallons 

Aiumoniacal  liquor . 

20      „  . 

10  „ 

IlIuininatiiigiM)Wer 

of  ^'US  .        .        .  / 

•24  sperm  can  dies 

16  candles 

lo  caiidlcs 

Ferceutage  of  coke  . 

1    64  per  cent. 

68  per  cent. 

70  per  cent. 
.  ... 
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r  Arenge  YiM  of  Bituniaxnnr  Cteaipby  ,Wwgh|. 

\    \    :        :  (NewbiggingO 

;   Gas  ".  IB 

06ke  .and  .breeze  .      .      .      .  .  68 

Tar  .     • .     . ,      .            .      ,  5 

Ammoniacal  liquor      ....  9 


TABLI 


100 


304. — RESULTS  0^*  Distillation*  of  sOneI  ton  of 

l^E  VrCABTLE  CANNEL  COAL,  fOK  GAS  AND  FOKi  OiL.  • 


(Gesner.) 


Disti^ed  for  Gas,  at  from  1000°  to 
1200'  F. 


Distilled  for  Oil,  at  froi4  750°  to 
800°  F. 


r  .  7450*  cuh.ft; 
Tar  II .  .  .  18^  gallons 
Cok(^     .      .  1200  pounds 

"*  j^7'oduct9  o/tlw  Tar, 

BenzfAe       .      .  8  pints  ' 
Goal|taT  naphtha .  3  gallons 
.Heavy  oil  and  )  ^ 
nafahtha^nc    f  _  " 

I  1  9  3  - 


1 


Gas  .  .  1400  cub.  ft. 
Crude  oil  .  .  gallons 
Coke      .       .  1280jpounds 

ProdU'Cts  of  the  Crude  OIL 

I 

Bopion      .      .2  gallons 
Lamp  Oil      .    .  224  „ 
Heavy  oil  and  {  ^y  , 
paraffin     •/  ^li 

4si 


T 


f 


TaBLS  aOp.— AVEKAaB  GOMPOSITION  OF  LONDON  .GAS,  BY 

•YOLUME. 

_  iJ)r.  Letheby,  18G(J.)^ 


t    Desciiptton  oro.iR. . 

 1  

Conimcm  Gar. 

C!(.iittiel  Gas. 

1    ■  J 

Pt'.v  ceat 

Ft! 

i'  cent.  /. 

Hydrogen .  '  , 

46  0  - 

27-7 

Light  carburetted  hydrogen 

.H9-5 

>o-o 

OK^fiaiit  gas  .... 

8-8 

13-0 

Carbonic  oxide     .       .       .  . 

7-5 

6-8 

Carbonic  acid   .       .    *  . 

0-7 

0-1 

Aqueous  vapour   .•     .       .  . 

20 

2-0 

Nitrpgen  .  -    .*         •  . 
•         •  1 

0-5 

• 

|0-4 

t 

• 

1000       j  li 

lo-o 
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ILLUMINATING  POWER, 

Weight  of  Coal. 


Per  Cubic  Foot, 
•  *  •  Solid. 

Anthracite  85  4  lbs. 

Bituminous  78*3 

Caunel         7G'8  „ 


Per  Cubic  Foot, 
.  Heaped. 
58-3  lbs. 

.  -49  8 


48-3 


50 1 


Cubic  Fept  in 
One  Ton,  Hea|>ed. 

38*4  cubic  feet. 

45  a 

4G-4 


9>; 


Table  307. — Calo^iifig  Value  of  Coal  Gas. 

(J.  L.  Miller.) 


1               *     Place  of  Manufacture. 

-I?  > 

'  i  Heating  Tower 

1  Glasgow  ,  . 

1  Kilmarnock     .     » <:  .    ♦       •    •  ♦ 
1  Manchester  .       •  •  .   •       «      p       •  . 
1  Birmingham    .       .       .       .  . 
1  TiOndon       ;    ■   .       .*'   '.•             *  , 

'  Heat-Units. 
813 
770 
.  680 
/  6.54 
631) 
624  ' 
.     617     ..  ^ 
549 

I      Weight  of  Lime. 
1  bushel  pf  quicklime  weighs  abott    70  lbs. 


91 
19 


54 


!9       ^         99^  91 
,  >9  .  99        1460  „ 

measures  abont  32  bushels.^ 


1  cabic  foot 
1  <subf  c  ylird 
Itoii.  j 

Area  of  pipe-sfir&ee  required  for  coildeosaiion  of  gas-H 
0  sqtiare  feet  perJlOOO  cubic  feet  of  mazimum  prodactiou  petf 
ay  of  24  hours  ( j>to%^Mg^.  '  : 

Bluminating  Power  of  Gas. 

The  standard  for  comparison  of  gases  for  illuminating  power 
ijithe  sperm  candle,  weighing  six  to  the  pound,  each  burning 
off  at  the  rate  of  120  grains  of  sperm  per  hour.  The  gas  for 
isomparison  is  burned  at  the  rate  of  5  cubic  feet  per  hour. 
5  The  gas  supplicfi  in  London  averages  more  than  16  candles 
for  illuminating,  power.  In  fact,  the  larger  companies  are 
Required,  by  Acts  of  Parliament,  to  -supply  gas  of  such  a 
huaUty,  that  when  burned  through  tiie  Government  standard 
|Vrgaiid  burner  at  the  rate  of  5  cuijic  feet  per  hour,  it  sliall  be 
capable  of  giving  a  light  etjuai  to  that  of  16  spermaceti 
i;auil<^j(^|  iiix  to  the  p ound|  jYhen  each  caudle  is  buraiug  at 

o  o      •  ■ 
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he  rate  of  120  grains  nf  nmtcrial  p^.r  hour.  This  is  called 
'ommon  ga^.  The  LotidQU  compauiesy  aiid  most  provincial 
tompatnieB,  are  required  to  maiiitain  in  all  their  «treet  mains  a 
iressui^  equal  to  a  column  of  water  1  inch- in  height,  between 
uusei  and  midnight ;  and  a  pi'essure  of  ^  incbC'  bettreen  midU 
light -and  sunset. 


Main  Pipes. 

]\faiii  i>i|)es  should  be  testr<i  ti>  I'tO  feet  of  water  pressure. 

Ca.'-t-irtni  ]ii])i*s  below  3  inches  bore,  arc  made  in  lengths  of. 
;  ft  et  ;  from  H  inches  to  11  incheSi  U  loug ;  12  inches 
lud  upwards.  r>  feet  or  i>  feet  lonL*". 

,  The  weight  of  cast-iron  pipes  is  given  by  the  formulai  —  j 

I  W=2-45(D»^4f«)    Qiy 

D= diameter,  outside,  in  inches.  . 
I  i/ssdiameter  inside,  in  inches.  >  i  . 

1  ;  W= weight  in  pounds  per  lineal  foot.   -  .  •  ^ 

• 

The  weight  of  a  socket  is  equal  to.^th^  of  that  of  a  lineplf 
oot  of  the  pipe   .  . 


Diameters,. 

lncln\s. 

1,1 5- 

2i,  3.  i 
10,  11 


Thlik- 


i 


7 

L 

•2 


.0  i<U 


Inches. 
12,  la,  U,  1.") 
H),  17.  IS 

24 


Thick- 
lo 


13 
la 


Diameters. 


Table  309.— ThickkeW  and  Weight  op  \v:BonoHT*lB()ir 

Gas"  PIPES.  •  ' 


.1   -  Il  ' 

B^ajpeter, 

^  IncliL'K. 

t>,  O.J 

■V     10.  rz 


in  HI-,  n 


tniickneiis.. 

Inch. 

AMI 


f  I 


ft 

i 


bare 


I  **  Pounds.  ' 

(I  7 
■  I),  lUj.  18 

28,  33 


o  t» 
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flow  through  pipes. 
Table  810.— Small  Gas-Tubes. 


563 


Light. 

lleavy.  , 

Ik*  A- 

Diameter 

Tnairl  A 

Wei-ht- 

— — ^— ^— — — ■  — 

Lcnjjfth  of 

per  ^  aid.  ^ 

,  4^uiiaic.s. 

p^r  \  ard. 

J^IIS*  V/Z. 

1  UlClb. 

J^DS.  UZ. 

xaras. 

1 

0  lU 

0  ITi 

67 

1 

8 

.  1  2 

BO 

1  <u 

1 

'20 

ZD 

^  10  ' 

■•■'16'" 

o  u 

i 

3  3 

23 

SI  12 

1 

'i  8 

2(5 

6  0 

;  20 , 

u 

'   8  0 

16 

Ift    0  = 

V  12 

H 

12  0 

10 

14  0 

9 

2 

18  1 

me 

O 

21  0 

M  5 

Table  31 1. — Small  Bkass  Tubes. 


Diameter 
Oatside..  • 

Weight  per  Foot. 

* 

Diameter' 
Outside. 

'  Weight  per  Foot 

Inches. 

Poniids  or  Ounces. 

Indies. 

Pounds  or  Ounces. 

i 

•08  or  1-28 

} 

•50  or  8-00 

5 

11) 

.:  * 

•15  „  2-40 

1 

•50  ;,  0-44 

•ID  304 

•8i  „  12-% 

7 

4  : 

•21  3-36 

n 

1-00  „  1G-00 

•25  „  4-00 

M2  „  17^92 

.  . 

•31  „  4  ih; 

2 

1-25  „  20-00 

•;^7  „  5-1)2 

2J 

1-50  „  24-00 

i 

•43  „  G-88  \ 

3 

1-8;;  „  2yS|2 

1 


Flow  of  Gas  through  Pipes. 

Dr.  Pole's  formula  for  the  volume  of  gas  delivered  through 
large  pipes  is  aiy  fallows, — 

9=1350^='^'^    .      .     ...  (2) 

Cbnyersely,  the  diamei^er  of  pipes  required  for  a  given  rate 
of  delivef}:,  is,—    

V  (mUfh.      •     •     '  • 

.  Q= quantity  of  gas  delivered,  iii  cubic  feet  per  hour. 
/  =  length  of  pipe,  in  yards.  j  '  •  * 

diameter  of  pipe,  in  inches.       .    •     •  i 
/i=pressure  in  inches  of  water.  • 
<=8peciiic  gravity  of  gas='40  ;  that  of  air  being  —  1. 
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For  any  other  specific  gravity,  multiply  the  value  of  Q  ^ven 
by  fofmuTa  (2)\by  '632g  {or  v'O  iO),  and  divide  the  ptoduct- 
fey  V  specific  gravity. 

•  Tlie- dischai^  for  small  pipes  is  less  than  the  calcalated 
quantity.  The  value  of  d  by  formula  (3)  is  to  be  augmented 
one-third  for  lead  senricQ  pipes ;  and  one^half  wiought- 
Iron  service  pipes, 

Dowson  Gas.        •  '  '  • 

;  The  Dowson  gcas  is  a  cheap  gas,  generated  by  passing  a 
taixture  of  superheated  steam  and  air  through  a  mass  of  red- 
hot  carbonaceous  fuel — anthracite  by  preference.  The  com- 
position of  the  gas,  generated  with  Oarnant  anthracite,  as 
analysed  by  Prof essoji;  .William  F;0ster,  is  ai^,follow8,r—  ^  ^ 

;       •  '     1        .  'VolkubepereeS: 

'      '    Hydrogen  ,  -    S     /     .      .  i  .M 18-78 

-Marsh gaB^—« —  •  *  *   t      '81  nr.,  . 

Olefiantgas      ...      •      «     .  .'31 

Carbonic  oxide  .  .     •  •  2fW  - 

Carbonic  acid    .      .  '    •      .      . .  6*57 

•  Oxygen.      .  .     i.      .      .   .       03  •^•i**^* 
Nitrogen    .      .      ....  ^8*98 


,  i     :       .100  00  p 

The  caloriiic  power  of  Dowson  gas  is  about  one-fourth  of 
til  at  of  London  gas.  The  anthracite  fuel  consumed  per  1000 
cubic  feet  is  13*2  pounds.  Tested  by  D.  K.  Clark,  in  working 
an  Otto  gas  engine  developing  4*41  indicator  horse-power,  and 
$*2fi  break  horse-i)ower,  at  a  speed  of  156  revolutioi^  per 
minute,  the  following  results  wye  yielded  \t 

Gas  consumed  pci*  in<licator  horse-power  110*34  cubic  feet. 

break      *      „  149*30  „ 

1  uel     ..    •       „  indicator        j,        •  1*45  lbs. 
„      „  „  break  „         1*97  „     •  : 

•  The  cost  of  Dowson  gas  is  50  per  cent  less  than  that  of 
coal-gas  at  3*.  per  1000  cubic  feet.  Whilst  coal-gas  of  aveia^ 
coni{)osition'  requires  chemically  6*3  volumes  of  air  for  com- 
bustion, each  volume  of  Dowson  gaa  requires  only  1*1  volume 
of  air.  .  . 

More  recently,  Mr.  Dowson  has  produced  his  gas  from 
oi-dinary  gas^coke.   From  the  results  of  thirteen  Ot^p  engines, 
using  Dowson  gas,  indicating  from  150  to  IH  horse-power,  it 
xppeais  that  from  1*5  pounds  to  1-2  poQUds  ofiUel  was  con- 
sumed per  indicator  horse-powen'  per  hour.     '  •  * 
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•  TiBiE  812.— Oil  Ga's,  from  ttLUE  Pabawik  Oil. 

•  •  •  .  •  . 

(Macadam.) 


Specific*  gravity  of  oil 
I'jashing  point  .      .  . 

Kirtng  point  . 

( !ns  ])rr  gallon,  cnM<",  feet.  . 

Ilhiniinuting  power  . 

Volume  of  oil  in  gallons,  flow-"! 
ing  in  to  each  retort,  per  > 
Itoiir  ' 

(  Jus  per  n*.tort,       hour,  cubic  \ 
Icct  .        .        .        .        •    •  / 

Heavy  hydrocarbons,  per  ceiit. 
Gas  per  ton,  cubic  feet  . 


Tahf.k  :u:^. — riiODUCKK  Gas:  Composition,  by  Weight, 


Elcuu  ntury  Gases. 

•  • 

n. 

Jiy.lio- 
Ren. 

C( ). 
fulbujiic 
Oxide. 

CO,. 
Acid. 

cu.. 

Ooi. 

(',11.. 

Olcfiant 
Gas. 

N 

I*t'r  t  rnt. 

Per  ct  ut.  i'ur  cenL 

I'cr  cent. 

I'ur  cent. 

I'er  cent. 

Siemens  Producer 

•00 

24*92 

•89 

2*73 

rt4-50 

'2:,V7 

S-71 

1-45 

• 

C3-22 

Wilsou  PnKlucer  .  j 

•!tO 

'in 

til -70 

6-20 

1-.. 

i : 


Gas  Engines.  :  ^ 

The  C'rossley  gas  engine,  lioH'/ontal,  is  constnictccl  with  a 
sintrle  cylinder,  of  nominal  powers  of  from  i  Jl.T.  to  30  H.P., 
indicatinpr  from  2  H.P.  to  85  K.P. ;  and  with  double  cylinders 
of  from  4  II. P.  nominal  to  80  H.P..  indicating  from  U)  H.]\ 
to  170  H.P.  The  over-all  dimensions  of  the  engine  only, 
single  cylinder,  vary  from  (>  feet  by  3  feet  7  inches,  to  12  feet 
by  8  feet  2  inches.  The  speed  of  the  engines  is  at  the  rate  of 
IGO  revolutions  per  minute,  except  for  the  i  H.P.  and  the 
1  H.P.  engines,  which  make  180  per  minute. 

The  12  H.P.  engine  has  developed  28  indicator  H.P.,  and 
23  H.P.  at  the  break,  or  82  ])er  cent,  of  tlu^  indicator  power  ; 
consuming  20  cubic  feet  of  gas  per  indicator  horse-power  per 
hour,  or  24*3  cubic  feet  per  break  liorse-power.  In  a  4  H.P. 
engine,  23-3  cubic  feet  was  consumed  per  break  horse-power. 
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The  following  Table  B14,  gives  some  results  of  trials  of  a 
Crossley  gas  engine.*    The  cylinder  was  9^  inches  in  diameter, 
with  a  stroke  of  18  inches  ;  single-acting.    The  gas  used  was 
of  the  compositiop  shown  la  Table  3U6r  " " 

Table  314.— Obosslet  Gas  Engine  :  Bbsultb  of  T&iai& 


.  Trial. 


n 


Power  .       .       .  . 
Revolutions  per  minute  . 
Explosions  per  minute 
Mean  initial  pressure 
Mean  effective  pressure 
Indicator  hoi*se-po\ver 
Break  hoi'se-power 
Mechanical  efficiency 
Gas  per  hour,  main 

„      „      for  ignition 

„  total 
Gas  per  indicator  H.P.  per  hour,  | 

main,  Cub.  ft.  1 
total  „ 
Gas  per  br^k  H.P.  per  hour,  main  „  . 


Lbs. 

•  ■ 

s  H..P. 

Per  cent. 
Cub.  ft. 

?1 


total 


Water  for  cooTing  per  hour  .  .  Lbs. 
Rise  of  temperature  .  ,  Fahr. 
Power  to  drive  engine  only  .  H.P. 
Mean  pressui-e  during  working  stroke, 
equivalent  to  work  done  ki  pump- 
ing strokes  ....  Lbs. 
Corresponding  indicator      »  '     11.  P. 


Full 
1001 
78-4 
196-9 

1712 
U-74 
8(M 
8.')  1-8 
'  8-5 
355-3 

« 

i20*a5 

20-7r> 
28-87 
24-10 

j  718 
|128"0 
!  2-38 


Half 
I08-8 
411 

iim-2 

78-4 
9-73 

7-  41 
7fr2 
202-(; 

8-  2 
205-8 

20-  a 

21-  2 
27-84 
27-77 

480 
102°-8 
2-31 


219 


Eraptr 
1(U  0 
10-2 
148-0 
f56-7 
2-19 


49-0 


22-38 


219 


• 


The  distribution  of  the  heat  of  combustion  of  the  gas  in 
working  the  Crossley  engine,  was  as  follows, — 


Trial                                    ^  ' 

•       •                          Per  dent.  JPer  cent. 

Heat- turned  into  work      -          ff&^l  .  .  20-9  - 

Heat  lejedted  in  jacket. water-  *  .  .4$3'2  •  41*1 

Heat  rejected  in  eadbanst            *So'5  .  38*0 


e. 

Pel-  cent. 
19*4 


100*8 


100*0 


.  ♦  See  lUpdH  of  tht'^ffea^wTrttOlt^f  Motors  for  iSfectrie  I.iqhting,  liS9, 
for tbe Society. of  ArtsL    .»        1    .  •    :      .  •    *  . 


Digitized  by  Google 


OAS  KKOINBS^ 


567-  ^ 


--  ■♦J 


TTTTTTTr 


I. 


jj     'M     M  QC  I-: 

^  S  S  •  S  o  cc  c:;      OD      O  O      I-  'M  w  o  o  • 


'1 


^  3>  - 

3S  a 


2  00  ^•  €C 


00  ^ 


«   •  •   •  • 
•   «   •   •  • 
f   •   •  • 


.  o 


r.M' 


1^ 


1 . 


^  .       c^j  I-  ^  X  ^  -j.  ^ 

6'  ■    ^    '  „ 


0«  I 


If'*! 


X  t-*  1^  -M 


f£  a       O  i't  OC  M  CC  T.  'O 


90  (N  94  ^      04  0«  M  94  1^  Wi  - 94 

Ho  .  '        ,    .  •  . 


.  O  -t«  (M  OS 
.  O  X  X  Ci  O  i2  2 

<M       ^  «H  t«4  ^ 


"y  ■  t' 


a  £  >  U^-  X  cc  7^        X        I*     ti'  X  X  I*  X  ^ 

^£  c  !        00  i>i  «o  if:"^  « ©4  ;d  CO     oo  cc     »  «i  <> 


r  ,  — '  'M  'M  t^i  x  ~ 

S»i  P'i'^^        I'-  CO  Ca  fc^     <C  i> 

xajOil*      ©100'^  «N  •  -rf*M-^ 


O  ^  |J5  . 
•    •    •    •    •  . 

*  ifi.o  «^  «a      o  »i 


I 


s  1 


GD 

e 

cfi 


4«i 

^  0) 


■      '5  ' 


X 


il 


s  =  a  -J-^ 


C  »  I 


O 


s3  ^  ?^  2 


<  «  «  ^ 


> 


Digitized  by  Google 


568 


COAL  Q-ASy  BTO. 


A  Griffin  .gas  engine,  double-acting;' was"  ^imttHTly  tested 
The  cylinder  was  9-02  inches  in  diameter,  with  a  stroke  <tf 
14  inches.  Three-  trials  were  made  at  fall  power,  half  power. 
4nd  empty. 

Per  c«nt.  Percent. 
Heat  turned  into  work  .       .       .       21;1  19*4 
peat  rejected  in  jacket  water  »   »       35-2  32*5 
Heat  rejected  in  exhaust       .       .       39*8  j 
Unaccount<?d  for,  including  heat  ^     g.jj  >  48'1 
rejected  in  blauk  charge  of  air  .  j       '  )_ 

^  QU  Sngiaes. 

Oil  engines  are  in  considerable  employment  as  oil  motoia 
In  the  Pnestman  oil  engine,  mineral  oil  or  petroleun.  is  used, 
having  a  specific  gravity  of  *800  or  upwoi^  with  a  fladiing 
poiat  from  76*"  to  1G0%  The  oil  is  mixQd  with  air  under 
pressure,  is  drawn  into  the  cylinder,  and  ignited  by  an  electric 
ispark  from  a  small  ordinary  battery.  The  consamption  of  <nl 
varies  from.aboatl*25  pints  or  1|  pounds  per  break  horses-power 
•per  hoQr  for  iiie'laiger  engines,  to  11(0  pints  or  I'ttQ  pounds  for 
.the  smaller  engines.  An  engine  having  an  Scinch  cjlinder, 
with  a  12-inch  stroke,  made  180  revolutions  per  minute,  and 
developed  4-60  break  horse-power,  with  a  consamption  of  I'lO 
pints  or*l*20  pounds  of  oil  per  horse-power  per  hour.  Bia 
lialf -power  trUd,  2*36  br^k  hoTseTpower  wa&  dereloped  on  a 
iconsumption  of  1*20  pints  or  1*20  poUnda  oi  oil* 

The  flargreaves  motor  is  designed  for  burning  coal-tar  or 
creosote  as  fuel.   It  consists  of  an  air-compressing  pump  aad 
motor  cylinder,  to  the  latter  of  which  a  regenerator  is  adapted, 
which  absorbs  a  portion  of  the  h^t  of  iiie  exhaust  gases,  aad 
'yields  it  nip  to  the  incoming  charge.  The  compressed-air  is 
delivered  through  the  regenerator  into  the  motor  cylinder, 
.where  it  meets  a  jet  of  coal-tar  or  creosote,  and,  being  heated 
to  r^ness,  ignit^  the'fueb  Besults  of  .trials  are  given  in 
Table  315  (p.  567),  by  Mr.  Miller;  who  gives  resalts  of  other 
'trials,  in  one  of  ^niich,  a  net  power  of  40  in<Hcator  H.P.  was 
'generated,  by  the  consamption  of.*512  pounds  of  coal-tar  per 
indicator  horse-power  per  hour.  In  another  trial,  with  a  smaller 
engine,  for  a  net  indicator  power  of  6*17  H.P.,  1*2  pounds  of 
creosote  were  consumed  per  indicator  horse-power  per  hour. 

•  -     *  -  f 

-  «  «     •  •     *     •  s 

•  •      .  I 

I 

•  •  « 


c. 

Per  C'^iit. 
17*5 
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Dr.  Hutton'S  statement  of  the  law  of  resistance  of  air  to 
bodies^  in  motion,  has  been  corroborated.  It  is  that  in  the  case 
of  sh)w  motion,  the  resistance  is  nearly  as  the  square  of  th^ 
velocity  ;  gradually  iiicitusiijg  moro  and  more  above  thftt 
propoctipn  as  the  velocity  increases. 


j;aijl:^,31(».t7Resis'?ance  of  Air  to  flat  Vanes,  square 

*  and  round. 


1 
1 

« 

Speed  ill  Feet  per  S('C(»rnl. 

Size. 

Area. 

•  • 

[     •  • 

10 

1.") 

20 

-25  :  • 

80 

Inches. 

Sti.  Ft. 

Lbs. 

Ll>s. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Square. 

7-47 

•  -as 

•55 

1-4 

3-25 

5-7  1 

l)-4 

14-0 

12-1) 

}']:>:> 

1-30 

.")•.') 

13m;u 

•  •  • 

...  ! 

... 

2-40 

3-25 

i:>-o  . 

• 

•  ■  « 

1 

•  •  • 

.  •  • 

OlBCLE. 

1 

2*6'  < 

7-24 

•286 

•80 

1*15  ' 

4-fl  1 

7-4  ' 

10^ 

12-65 

•875 

•85 

8i85  • 

9-1 

•  •  •  < 

18-36 

1^840 

2-40 

10-00  . 

•  •  • 

...  1 

•  •  • 

1 

•  «  • 

Empirical  formula  for  the  velocity  and  pressure  of  high 
vvinds '       •*     '  '  • 

V=^l0F   (2) 

V  =  maximum  run  of  wind  in  any  one  hour. 
P  =  maxinunn  pressure,  in  pounds  per  square  foot,  at  any 
time  during  the  siorm,  to  which  V  refers. 

The  formula  (1)  represents  very  fairl}'  the  greatest  pressure 
as  deduced  fron^  tlie  mean  velocity  for  an  hour.    The  follow- 
ing are  the  greatest  recorded  pressures  of  wind  per  square  foot, 
at  various  places : —  ,  ' 
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Aberdeen 
Armagh  . 

Birmingham . 
Edinburgh 
Falmouth  . 
Glasg^ow  . 
Greenwich  . 
Halifax  . 
Holyhead 
Kew 


V 
V 

if 


Per  Sqimrp  Foot.  » 
41  Lbs. 
27 
27 

35 

53-7 
47 
42 

(J4 
27 


Liverpool 
London  . 
Valentia 
Yarmouth 
Brussels 
Pnris 
Bombay 
(*alcutta  , 
Madras . 


Per  Square  F«»ot. 

.  i)0  Lbs. 

.   .  20-2 

.  65-0  „ 

.    .  42-2 

.  22 

.    •  17 

.  38 

.    .  40 

•  S4  „ 


The  Committee  appointed  to  investigate  the  qilestioB, 
recommended  that  a  maximum  wind-pressnie  of  66  lbs.  per 
square  foot,  should  be  employed  iH  calculations  for  railway 
briUges  and  viadaote^ 

Flow  of  Air  in  pipes. 

Mr.  Hn wkslcy's  formula?  for  the  flow  of  air  through  pipe^ 
under  small  differences  of  pressure,  are  as  follows  :— 


li>«»,6uu  a    '      '  * 

V  =  velodty  in  feet  per  second.  ,  . 

h  =hea(l.  ordrac?.  in  inches  of  water. 

d  =diaineter  of  pipe,  in  feet. 

I  =  length  of  pipe,  or  other  passage,  in  feet, 

0  =  perimeter,  in  feet. 

a  =sectional  area  of  pipe,  or  other  |)assage,  in  square  feet. 

Q  =  Quantity  of  air  discharged,  in  cubic  feet  per  second. 

H= effective  horse*powcr  required  for  net  work  of  discharge  i 
of  air.  j 

Flow  0^  air  through  passages  of  any  form  of  section,  aa  sliafki,  , 

air- ways,  and  tunnels.  ' 


A  = 


633,0UUa 
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Quantity  of  A  ir  delivered  j)er  Second. 

From  a  pipe,  Q  =  ail  j^^^  -  -  (7) 

From  a  passage  of  any  section,  Q  =  796  .  •.  (8) 

The  density  of  diy  air  at  02°  F.,  is  taken  at  g].-  part  of  the 
density  of  water  at  ()2-4  pounds  per  cuIhc  foot  ;  and  1  inch  of 
water  ais  equivalent  to  a  pressur<?  of  6*20  lbs.  per  square  foot. 

££feotiye  Horse-power  f6r  net  work  of  disoliarge  of  air. 

1^  rom  a  pipe,  H  =  .      .      .  (U) 

from  a  passage  of  any  section,  H  =  yi/'  =  ^        .    (i  i ) 

■a-  i-ioN 
■  =      "         ■  "  "        "  -«7,01K>,000  ■        •  ^^^^ 

Katnral  Flow  of  Air  in  Shafts  of  Mines. 

Mr.  Hawksley's  formula  for  the  velocity  of  air  in  the  op- 
cast  shaft  of  a  mine,  due  to  dilference  of  teaipemture  is  : —  . 


T  =  temperature  of  air  in  up-cast  shaft  (Fahr.). 
^^temperature  of  air  in  down-cast  shaft. 
D=depth  of  shaft,  in  feet. 
^«=;peripheiy  of  air  course,  in  feet. 
^= section  of  air-course,  in  s(piare  feet. 
Z= length  tmversefl  by  the  current,  in  feet. 
»   rwTelocity  of  current,  in  feet  per  second. 

« 

Fans,— Ventilators. 

• 

Ihe  following  Table  817,  of  the  most  suitable  dimettSions  of 
fans,  is  based  on  t  he  results  of  Mr.  Buckleys  experiments.  The 
case  is  of  the  form  of  an  arithmetical  spiral,  widening  the 
•  clear  tspace  between  the  case  and  the  revolving  blades,  oircmi]' 
jeteittialtyy ifom  the* owgifi    the  <»pemng  tor  dfseharge.- 
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TAnLE  'UT.— DiMENSIONfi  OF  FANS. 

Pressure  from  8  ounces  to  6  ounces  per  square  inch  ;  or 
5  2  inches  to  10*4  inches  of  water. 


Dia- 
meter 

of 
Fan. 

Vanes. 
Width,  Length. 

Dia- 
meter 
of  Inlet 
Open- 
ings. 

Ft.  Ins. 

Ft.  InK. 

n.  Ins. 

Ft.  Ins. 

3  0 

0  11 

0  I) 

1  () 

8  (» 

0 

1  ^ 

4  0 

1  (>" 

I  0 

2  0 

Dia- 
meter 

of 
Fan. 


Vanes. 


Width. 


Ft.  Ins. 
4  <> 
•)  0 

i]  n 


Ft 
1 
I 
1 


Ins. 

n 

3 


Length. 


Ft.  Ins. 
1  li 
I  8 
1 


Bia- 
meter 
of  Inle 

ingj?. 


Ft.  Ins 
2  3 

2  (I 

3  0 


Pressure,  from  (>  ounces  to  9  ounces  per  square  inch,  and 
upwards,  or  10*4  inches  to  I5-()  inches  of  water. 


3  0 
8  0 
t  0 


() 
0 
0 


7 


I 
I 
1 


0    I  1 

U  1 

8i  I 


0 
8 

r, 


0 
0 


0  10.J 

1  0 
1  2 


1  4i 
1  (J 
1  10 


1 

o 

2 


0 
4 


GuibaPs  fan,  for  mine  ventilation,  has  blades  which  are 
straisfbt,  except  at  the  outer  ends,  which  curve  forwards.  The 
blades  are  fixed  at  a  back  inclination, — usually  45° — to  the 
radius.  The  wheel  is  closely  surrounded,  for  about  two-thirds 
of  the  circumference,  by  a  casin^c  of  brickwork.  For  the 
remaininpf  third,  the  casing  gradually  opens  out  into  the  dis- 
charge vent,  which  expands  upwards  as  an  inverted  frustum 
of  a  cone.  A  Guibal  fan  working  at  Stavcley  colliery,  is  30  feet 
in  diameter,  10  feet  wide,  it  makes  (>0  reviilutions  per  minute, 
with  the  following  results  of  performance  : — 


c,      ^  '   rr>        '  1  k    #■».  •    T.     .  -     VMhiiue  of  Ail' 


per  Minute, 


of  Water. 


]»or  Minut*'. 


Klliciency,  in  parts 
of  the  Gi-oss 
Indicator  Power 
of  the  Engine. 


Turns. 
32 
51 
ti4 
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COMPEESSED  AIB. 


Compressed  or  Expanded  Isothermally. 

Air  when  compressed  or  expanded  under  a  uniform  tempera- 
ture, or  isothermally,  follows  the  hyperbolic  law,  accordiug  to 
Avhieh  the  pressure  varies  inversely  as  the  volume. 

The  total  net  work  for  one  stroke  of  the  compressor  of  dry 
atmoBpheric  air,  isothermally,  is  found  by  the  formula : — 

« 

W=P  CV+«)  hyp.  log.         -(F-  P)  «  • .  (1) 

'  The  total  net  work  of  6xj  air  for  one  stroke  of  a  compressed 
air  engine  isothermally  expanded  in  the  cylinder  down  to 
atmospheric  pressure,  is  gi^en  hy  formula  : — 

W=P(V  +  i;)hyp.log.  J-ti:~CP-F)i^   .  (2) 

The  formulas  (l).and  (2)  are  identical  in  construction. 

•    Tn  cases  where  the  back  pressure        is  less  than  P',  tlie 
terminal  positive  pressure,  the  total  net  work  is  given  by; 
formula : —  i 

■ 

i  W=P  (Y+v)  hyp.  log.  X— -P^  V'+P  V  .  (3); 

Ps:  total  pressure  of  air,  in  pounds  per  8(iuare  foot. 

V  =  volume  of  air,  in  cubic  feet. 

?7=s  volume  of  clearance  at  each  end  of  cylinder,  in  cubic  i 
.feet.  i 

I   Ws  work  done,  in  foot  pounds.  | 

!    In  pmctice,  the  temperature  is  not  uniform,  but  rises  with; 
compression,  and  falls  with  expansion  :  rL'<piiriiiLr  more  work* 
for  compression,  and  less  work  hy  expansion,  than  are  pro-j 
;vided  in  the  above  formulas,    l^ut  these  differences  are  mini- 
mised by  the  application  of  cooling  agents,  as  cold  water  i 

surrounding  the  working  cylinder.  i 
•  ■ 

'  In  compressing  dry  air  at  62'' in  a  non-conducting  vessel.  | 
adiabatically,  to  two  atmospheres  of  pressure,  the  temperature ; 
'is  raised  to  178^  F. ;  aod  the  fall  to  62%  in  a  reservoir,  inrolres  | 
.a  leas  of  116^,  which  is  a  loss  of  18  per  cent,  of  the  maximum  ^ 
jabsolute  temperature, jor  18  percent,  of  efiioiencyfor  work.* 


L . 
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Table  318. — Pressukk  and  Volume  of  Compbjss8£i>  Aik 


'111 


AT 


SI 


!  1 1  iT  1 ! 


Atmoq»lierai 


Volume  of  Air    ISlc^^'  . 
after  t'oraprej»«ion.  ^  „ 
luitiid  Vuluine«l.  fi'Z 

 ■  'il-h* 

iHothcM  -  Adialmti-  =~  **^.5 
nwUsr.  I  calljr.  e::<&%Z 


Kate  of 

C'om- 
urtMiiiign 

mally. 


Avenuce  Load 
araSiuit  Cuin]>rci»)t- 1 
iuK  Pihton,  t»er 
;^uare  Inch. 


Isc'ther- 
nullj. 


T 


ihs.  i>er  Inches  «»f 
8u.  III.  Mcreurv.: 

Koet  of  ' 
Wator. 

1 

1  *  1 

>  <»luoie. , 

>  itlumc. 

Fahr. 

Com- 
pre.«»8ioii. 

L4iaiL 

1  1 

2*041  i 

2-31 

0-930  , 

0  054 

70-04 

1  0080 

0-007 

2 

4*062  1 

4*61  , 

0-880 

0*918 

79*64 

1^801 

3  ; 

r»-i23  1 

0-02  1 

0-831 

0-87(i 

88*84 

97-<w 

1-2041 

2*730 

4 

S-l()4 

0-780 

0-843 

1-2721 

3-538 

5 

10-;i05 

11-54 

0-744> 

0-812 

100-18  1 

1-3401 

6-303 

t> 

12  •246 

13*84 

0*710  \ 

0*784 

114*89 

1-4081 

S'OSl 

7 

14-287 

16-15 

0-077  , 

0-758 

1-22-32  1 

1  -4702 

5-7-25 

8  1 

1«'.-32S 

18-40 

o-r>4s 

0-735 

1'20-1»0 

1  -5442 

0-387 

9  ' 

is-3r.i> 

•20-70 

0  020  1 

0-713 

137-43  1 

roi-22 

7-021 

10 

20*410 

•23  07 

0-505 

0  002 

144 -ti6 

1-0803 

7ti29 

11 

22*451  1 

25*88 

0-572 

0-073 

161  •(?6 

1*7483 

8-312 

1-2 

24*4!>2 

•27-08 

0-551 

0-055 

158-4S 

1-8104 

8-774 

13 

2<i-r>33 

2i»"0l» 

0-531 

0-r.3s 

105-13 

1  -8844 

0-315 

14 

28-574 

32-30 

0-512  , 

0  022 

171  00 

1-0524 

9-83G 

15 

80*615 

84*61 

0*495 

0*rt07 

177*92 

2*0204 

10*888 

10 

32-(;5(» 

30 -Dl 

0-470 

0-503 

184  •O'O 

2-0884 

10-825 

17 

34'«*>1»7 

30  ••22 

0-404 

0-570 

100-11 

2-1505 

11-207 

IS 

3<>*738 

41-53 

0-450 

0-507 

100-01 

2-2245 

11-763 

15) 

38-77l> 

43-83 

0-4S0  ' 

0*555 

201-77 

2-2925 

12198 

20 

40*820 

,  46-U 

0*424 

0-544 

207*42 

1  2-3605 

12-623 

21 

ii»-s.-,i 

4S-45 

0-412 

0-533 

212-05 

2-4-280 

13  044 

22 

44  1M)_> 

50-75 

0-401 

0-5-22 

21S-37 

2  4000 

13-450 

23 

'  44i-l)43 

53.-00 

1  0-300 

0-612 

223-09 

j  2-5046 

13-844 

24 

:  4Sfm 

'  55*37 

0*880 

•  0*503 

228*91 

2*6327 

14-280 

2'» 

51  -025 

57-08 

0-370 

0-404 

2;v}-03 

2-7007 

14-004 

2(» 

53-OHn 

59i»8 

0-301 

0-4S5 

•J.'.irOT 

2-7(^87 

14-070 

27 

'  55-107 

02-29 

0-353 

0-477 

244-02 

,  2-8307  i  15-327 
!  2*9048  1  151576 

28 

57-148 

1  IH'OO 

0*844 

0-469 

248-88 

2y 

,  59-189 

1  60-90 

0-330 

0-401 

253-00 

I  2*0728 

16-016 

30 

'  (U'230 

00-21 

0-3-20 

0-454 

•J.')S-M7 

3-0408 

10-348 

31 

03-271 

'  71-52 

0-322 

0-447 

203  •00 

3-1088 

10-073 

32 

05-312 

73-82 

0-315 

0-440 

'207-50 

3-1709 

10-092 

S3 

67*858 

'  76*18 

0-308 

0-434 

272-05 

3-2449 

17*803 

34 

1  (•.<)-31>4 

7S-44 

'  0-302 

0-427 

270-48 

3-31-20 

17-008 

35 

TIM:?.') 

SO-;.") 

0-200 

0-421 

2:<0-S4 

3-3S10 

17*007 

3() 

1  73-470 

;  83-05 

0-2iH) 

0-415 

285-14 

3-4400 

18*200 

87 

■  75*517 1  85*86 

rt  ■act 
0^84 

0  4W 

289^ 

f  8-6170  1  1»*487 

38 

77-5.58 

87-07 

0-279 

0-404 

203-50 

3  •5850 

IS -708 

3<> 

,  71>-5!i:» 

80-07 

0.-274 

0-300 

207  -08 

3-0531 

10-045 

40 

,  81-040 

'  02-28 

0-209 

0-393 

301-75 

3-7211 

10-316 

41 

!  83-081 

j  f>4-59 

0"2(>4 

0*888 

805*77 

3-7891 

f  19*581 

42 

85  •7-22 

;  00-80 

0-259 

0-383 

300-74 

3-8571 

10-844 

48 

87-703 

00  "iO 

0-255 

0-370 

313-00 

3*0252 

20-101 

44 

89-804 

'  101-51 

0-250 

0-874 

817-53 

8-0032 

•20-353 

46 

91-845 

103-82 

0-240 

0-370 

321-30 

4-0012 

I  20-002 

.'46 

93*686 

106*12 

0--242 

0-305 

3-2513 

4*1293 

i  20.-846 

■  47 

05-027 

lOS-43 

0"238 

0-301 

'  32S-S7 

4*1073 

21  -osr» 

•  48 

07-OOS 

1 10-74 

0--234 

0-357 

332-56 

4  "2053 

21-323 

1  4i» 

100-009 

1  113  04 

0-231 

0-353 

330-21 

4-3333 

21  -555 

J  50 

102*050 

1 115*85 

0-227 

0-341» 

330- 

!  -21*784 
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Liiad. 
0-9"<t. 
1*010 

2-  805 

3-  r»(»4 

4-  401 
6  "288 
li-0«K) 
0-80t> 
7-520 
8*232 
8*914 
0*578 

10  •2-24 
10-864 
11*468 

12-  0(»8 
12  064 
13*227 

13-  788 

14-  887 

14-  87 

15-  403 
15*iV21 
ltV*429 
10-027 

I7*4i;» 

17*808 

18*371 
18-837 

10  "204 
10-745 
20*100 
20*626 
21-0.50 
21*480 
21-899 
22*812 
'  22-718 
•23-121 
•23-510 
231K)8 
24-2J>3 

24-  07rj 

25-  052 

26-  424 
26-729 
•20*155 
20-515 
20  870 
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The  following  table  shows  the  corresponding  loss  of  efficiency 
:or  several  pressures 


•  1 

i 

• 

Final  Tempera- 
tare  fur 
GompresBioii. 

Redticed  Efficiency, 
Initial  Tenii^erature 

for  Work,  62'  F. 

.  . .      _  .  _ 

Ldss  of 
E^ticieucy. 

Atniospheres. 
2 

3 
4 

5 
10 

"  Fahr. 
ITS 

258 
821 
878 
•  551) 

Per  cent. 

82 

78 

(>7 
.  (18 

51  ^ 

Per  cent. 
18 
27 
33 
37 
41) 

a 

Takm^  the  efficiency  of  the  compressor,  and  also  that  of  the ' 
f  ower-eogine,  at  80  per  cent.,  the  resultant  efficiency  of  the 
combined  compressor  and  eoginei  working  to  10  i^tmospheres  is 

/  SO  X  80  \ 

per  cent.    Working  to  two  atmospheres, 

tihe  remltant  e^iency  is  52  per  cent  In  geoeiail  practicei  %he 
tesalitant  efficiency  rarely  ejtceeids  30  per.  cent. 
:  Table  318  shows  the  relation  of  pressure,.  Tolome,  and 
temperature,  wit&  the  load  agaizist  a  compressing  piston. 

Table  320  shows  the  net  horse-power  required  fxxr  compress- 
bg  atmospheric  air,  under  pressures  of  from  2  to  20  atmos- 

{»hereS)  Calculated  by  means  •  €i  formula  (1) ;  on  the  assump* 
ion  that  the  temperature  is  maintained  uniformly  at  62**  F. 
The  same  table  shows,  reversely,  the  horse-power  deycloped; 
by  compressed  air  introduced  into  the  eylinder  at  the  varioua 
pressures ;  on  the  assumption  that  the  temperatme  is  uni- 
lomly  62°  E^and  that  tnc  air  is  expanded  down  to  atmos- 
pheric pressure  at  the  end  of  the  stroke.  But,  when  the  air  is 
exhausted,  at  a  pi?essure  higher  than  that  of  the  atmosphere, 
the  difference  of  the  initial  work  FY  and  the  work  of  back 
pressure,  P"  V,  ia  to  be  added  to  the  work  as  calculated  by 
formula  (3), 
.  ^ 

Plow  of  Cjon^DBsaed  Air  through  Pipes. 

The  head,  or  difTereiico  of  the  pressures  at  the  beginning  and 
end  of  a  long  pipe,  through  which  compressed  air  is  forced, 
may  be  taken  to  vary  as  the  length  of  the  pipe,  as  the  square 
of  the  velocity,  and  inversely  as  the  diameter.  According  to 
some  authorities,  it  varies  also  with  tlie  density  of  the  air  ; 
according  to  otheis  it  does  not  so  vary.  In  Table  821  are  given 
the  results  of  observations  made  on  the  How  of  compressed  air 
iu  pipes  at  the  St.  Gothard  tunnel. 
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Table  320.— Net  Powee  SEQaxBED  to  Compress  Aib  at 

THE  UKIFOBM  TEMPEBATITBE  F. 


JPressnrc,  and  Ratio  '^^^  ^  ^'l"**^*^ 
nf  Expansion. 
1  Atmospheres:!. 


Horao  Power^  Voluiiu'  of  '  Kquivalent 
nJf (  n C    Commeasod     Volume  of 

Dressed  Air  P«"*     ^^^^^  one 

}  pr  Min«f^  Power,' Atmosphfii-e 

nPrMlnnf^  at  02^  F. 


Inch 
(approxi- 
mate),    per  Minute 


Iiyt>erl)olic 
'  Logarithm 

1  of  Ratio  of 

T 

1 
1 

H  P 

Kxpansion. 

2 

:jo 

1 

4 

.  3 

l-UilS(; 

45 

•91  1  X 

4 

00 

0 1 1 1 11 ) 

5 

» 

l-(iO04 

75 

• »  1  '  I 

1-71)18 

90 

• 

1. 

1  I ,  M  r 

•  7 

1-0451)    ;  105 

^  8 

2-07.94: 

120 

.  i 

1  '0(;7 

1) 

2-1972 

1 85 

1 
1 

i-2f;8 

10 

2-8l)2() 

'  150 

1-477 

11 

2-H979    1  1(55 
2-4849    1  180 

1 

1  •(592 

12 

1-913 

i:^ 

2-5(;49 

'     1 95 

1 

2-1 H9 

14 

2-()891    1  210 

1 

2':WJ 

15 

2-7084 

225 

J 

2'(;o() 

2-772() 

240 

1 

2-845 

17 

2VSH32 

255 

• 

3-089 

IS 

2-S904 

270 

:5-:53(5 

li) 

2-9444 

285 

1 

3-587 

20 

2'9957 

SOO 

3-848 

1 


Cubic  Feet.  .  Cubic  Feet 


11-25 
4-73 
2-88 
1-94 
'  1-450 
1-145 
•938 
-788 

.  •()(;7 

•591 
'523 
-4«8 
•422 
•384 
•352 
•324 
•300 
-279 
'2m 


22-50 
14-19 
11-52 
9-70 
8-70 
801 
7-50 
7  09 
(•>•(>  7 
(;-5u 
■  0-28 
(;-08 
5-91 
5-7« 
Tr(\H 
^•51 
5-40 
5-30 
5 -20 


At  the  Moiit  Ccnis  tunnel,  compressed  air  of  5*70  atmos- 
pheres of  pressure  was  reilnced  to  5-50  atmospheres,  or  by 
3^  per  cent,  of  the  head,  in  a  7g  inch  cast-iron  pipe  1775  yards 
in  lenjj^th,  comprising  leakage  ami  frictional  resistance  ;  whilst 
(i4  cubic  feet  of  compressed  air  was  delivered  per  minute.  In 
a  length  of  fi,6r»6  yards  of  pipe,  the  loss  was  6  per  ceat.  of  the 
initial  pressure.  •  .  • 

.  The  Table  322  of  Idss  of  pirefegnre  by  f  rictito  in  pipes,  has 
been  issued  bj  the^Rand  Drill  Company.  The' calculated 
quantities  are  those  for  straight  pipes.  To  make  ample  allow- 
Unee  for  h^ds,  elbows,  and  tees,  one  siz^e  of  pipa  larger  than 
the  tabular  size  may  be  taken. 
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COMPRESSED  AIR. 
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REFRIGBRATINGf  MACHINERY.  57*9 

N 

EEFBieXBAflka  ItAOHlirEBY. 


For  tbe  cooling  of  brine  an'd  otber  liquids  by  the  alternate 
*  compre^ion  and  expansion  of  air,  Mr.  David  Tiiomson  gives 
the  iol]owiBg  formtilse,  in  which  the  machine  is  supposed  to 
be  perfect : — 

....    ^'=7T2'*f?l;'-    •    •  : 

P=power  xeqi&ifed  to  do  the  cooling  work  C,  in  foot- 
pmmds.  • 

Css  cooling  work  done,  in  thermal  units. 

I  s=  Absolute  maximum  temperature,  Fahrt.,  of  the  air  in  the 
liot  or  compression  end  of  the  cooling  machine. 

T'ssiibsolute  minimum  temperature,  Fahrt.,  of  the  air  iathe 
.cold  or  expansion  end  of  the  machine. 

These  formulee  indicate  that  the  most  economical  results^  as 
regards  consumption  of  power,  are  obtained  when  themachixie 
is  worked  within  a  small  range  of  temperature,  as  in  breweiies, 
where  tbe. temperature  of  water  is  frequentiiy  to  belowejced 
only  10*  F.  '        '  ' 

These  formulae  are  applicable  to  all  cooling  machines, 
whether  they  operate  by  means  of  air,  ether,  ammonia,  or  any 
other  fluid.  In  the  ammonia  machine,  or  other  machine  work- 
ing on  the  same  principle,  in,  which  no  mechanical  power  is 
applied,  the  value  of  P;  it  is  understood,  is  the  heat  theoreti- 
cally required,  at  the  rate  of  1  heat-unit  for  772  foot-pounds 
of  power ;  and  the  formula  (1)  becomes  : — 

T-  T 

(Ammonia).  Heatrequircd  to  do  the  work  C  =  C  >  .  (3) 


i  T 


The  ammonia  machine  has,  theoretically,  a  great  economical 
superiority,  as  heat  is  so  much  less  expensive  than  its  equiva- 
lent of  mechanical  power. ' 

The  nature  of  the  vapour  employed  affects  the  size  of  the 
machine  ;  the  relative  capacity  of  cylinder  required  being : — 


Ammonia       .       .  ,1 
1  Carbonic  acid  I    .  O'lfi 

.Methyl  cl^loride  '  .   '  .1-8 


Methyl  ether  .  .  .  1\S 
Sulphurous  acid  ^  '  .  2-6 
Ether       I  •    r  '    .   •  15-1 

P  P  2 
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In  Eider  s  Hot-air  Engine,  called  a  compression  cn{rine,  t  wo 
sing^lc-actiiifr  cylinders  are  placed  vertically,  side  by  side,  con- 
nected at  the  upper  {)art  by  a  reo^encrator  com])osed  of  thin 
plates.    One  of  those  is  the  workinjs^  or  hot  cylinder,  under 
which  a  fire  is  maintained  :  the  other  is  the  air-pump»  or  cold 
cylinder,  surrounded  by  water  to  cool  the  air  which  is  dra^v^l 
into  it.  and  whicli  is  pumped  into  the  hot  cylinder.  The 
pluneei*s  of  the  cylinders  are  worked  by  cranks  formine"  an 
anprle  of  95°«  on  a  shelf  overhead.    The  1 -horse-power  engine 
has  fjj-inch  phingcrs,  with  strokes  of  9i  inches  hot,  and  8*n  inches 
cold.    At  a  speed  of  120  turns  per  minute,  the  effective  mean 
pressure  in  the  hot  cylinder  was  lOvS  lbs.  per  square  inch  :  and 
in  the  cold  cylinder  7*15  lbs.  ;  leaving  10-83  lbs.  net  effective 
pressure  on  the  hot  plunger,  making  1*076  horse- power.    It  is 
stated  that  the  coal  consumed  was  at  the  rate  of  from  21bs.  to 
81bs.  per  net  indicator  horse-power. 

In  Benier's  IIot-Air  Engine,  the  air  is  heated  within  the 
workimr  cylinder  by  means  of  a  furnace  within  the  cvlinder. 
All  the  heat  of  coml)ustion  is  directlv  utilised  :  the  valves  are 
only  traversed  by  cold  air  ;  and  the  heated  air  acts  flirectly  as 
it  expands  on  the  piston.  It  is  stated  that  the  consumption 
of  coke  is  at  the  rate  of  8'3  pounds  per  horse-power  per  hour 
for  motors  of  4  horse-power ;  and  4  pounds  for  motors  of  2 
horse-power.  ,  • 
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I'low  0^  Water. 

The  flow  of  water  by  the  action  of  gravity,  if  there  be  no 
46diiQtioo  from  the  £oroe,  is  according  to  tM  £<Nnnttla»— 

#  I  * 

•  r= velocity  in  fefet  pfer  second.  ' 

7/ =  height  of  fall  in  feet. 

•       «  • 

•  •  The  velocity  of  water  discharged  through  the  side  of  a 
y€B8{il  is  variously  affectedi     the  form  of  the  ajutage.  In 
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parts  of  the  theoretical  velocity  u,  as  above,  the  velocity 
varies  thus: — 

•  •   Per  cent. 

With  internal  tube  .  '  .  .  .  •  ,50 
Thin  plate  only    .  .     '  .       •      *    ^  02 

Nozzle,  2  diameters  in  lensjth   .       .       ,  82     =  ' 

Oonvei'gini^  cone,  leno^th  2J  diametcis  .       .    .  95 
•    -Vena  contractii,  length  ^  diameter  of  orifice    .  \  jgQ 
Smallest  diameter  -7.^5  diameter  of  orifice  J 
Diyergii^g  ooue,  length  9  diameters  •  .  li^ 

The  velocity  of  flow  of  water  in  a  full  smooth  cast-iroa 

pipe  of  uiuf bttft.  .di^atQ^K- is  given.  bgf..tlic  fomiula;— . 
CHawk^lcy).  .      ^,   ^  ! 

!   •  '        •«=4»A/Ax<f.  .      .      .  •    .  (2)^ 

Mrv  Downing  employs  the  same  formula  with  the  co-efficient 
50  instead  of  48.  His  formula  for  the  quantity  of  water 
cjisgharged  from  a  channel  or  i)ipe  is>-r^  ! 

i     ."  Q=|100,.y^^'  .    .    ■  (3)! 

j  velocity,  in  feet  per  second. 

I  .-/p  =  head,  in  feet.  •     .    *               •  . 

.  length,  in  feet.    *                        •  * 

I  diameter,  in  feet.                        '         »  ; 

I  ^?=:  wetted  perimeter,  in  feet.        "  • 

:  a  =  sectional  area  of  current,  in  square  feet.  ' 

I  'Q=^  quantity,  of  water  discharged,  in  cubic  feet  per  seconds 

j    D=:2=hydratilicmeixi  depth.  *  '  * 

I        ?  . .  *  ' 

1  By  iiii  aid  of  Table  323,  based  on  foimula  (B),  the  dis-. 

4haige,  the  diameter  of  pipe,  and  the  fidl  are  readily 

qalcalable. 

;  1,  To  find  the  rat*-  of  dm'Jtarge,  when  the  length,  fall,  and 
diameter  of  pipe  in  fact  are  given.  Divido  the  tabular  number 
4ext'thd  diameter  b^i;he  s(|uare  root  of  the  rate  of  inclma- 
tioii.  *  The  quollenf  is  the  rate  of  discharge  in  cubic  feet  per 
minata 

2.  To  find  the  required  diameter^  when  the  length  and  full 
ID.  feet,  and  the  rate  of  disclmrge  in  cubic  feet  per  jminute,  are 
given.  Multiply  the  rate  of  dUoharge  by  the  square  root  of 
the  rate  of  inclination  find  the  product  or  the  nearest  va\ue 
to  it  in  tlie  table.  The.  diameter  next,  to  it  is  the  dit^meter 
i"equin'il,  in  feet. 

^.  To  fi/id  the  required  fall^  when  the  length  and  diameter 
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in  feet,  and  the  rate  of  discharge  in  cubic  feet  per  minute  are 
given.  Divide  the  tabular  number  next  the  given  diameter 
by  the  rate  of  discharge  ;  square  the  quotient,  and  divide  it 
by  the  length  of  pipe.   The  final  quotieDt  is  the  fall  in  feet. 

Nate. — The  rate  of  inclination  is  the  quotiient  of  the  length 
by  the  vertical  height.  •    .  ' 

Half  the  tabular  number  may  be  taken  to  find  approxi- 
mately th&  discharge  for  pipes  ^hal£-f.ull.  The  calculation  is 
also  available  lor  sewers  and  the  like.  * 

■ 

Table  323.— Dischabge  of  Wateb  xs  Pipes. 


(TurnbuU.) 


I'l  C»IIITj1.'V  1 

J  ti  LI  VI  icll 

Diameter 

Tabular 

of  riiies. 

Numbi3r. 

ot  Pipes. 

Number 

of  Piped. 

Number. 

Indies. 

Inrshes. 

• 

Inches. 

6i9d4 

1 

4-7 

21 

9544 

.42 

'  n 

.  13'0/ 

22 

10717 

44  ^ 

67260 

2 

26-4 

2a 

11971 

6062& 

3 

73-6 

24 

13327 

45 

64142 

^  4 

150-7 

25 

14753 

46 

67770 

5 

262*9 

26 

16267 

47 

71494 

6 

416-5 

27 

^  17881 

•  48 

;  75891 

7 

611-4 

28 

19523 

51. 

87713 

8 

852*8 

29 

21375 

54  101190 

9 

1147*7 

30 

23282 

57 

:  115844 

10 

1492*1 

31 

.  '25263 

60  ' 

F  181700 

11 

1892 

m 

.  27335 

66 

1  167184 

.12 

2356 

*   '83  •' 

♦72 

2077612 

13 

2875 

34 

.  31826 

.  78- 

263764 

14 

3459 

35 

84208 

84 

:  30538*4 

•  15 

4115 

36     i  36726 
3r     i  39319 

90 

862871 

•  irv 

480fi 

'96 

426436 

'  17 

5<;21 

38 

4*2018 

102  ' 

496220 

0492 

39 

44861 

108 

[  572348 

r>5r)i24 

19 

*  7259 

40  47674 

41  \  58811 

114 

20 

8439 
* 

120 

745014 

Discharge  of  Water  through  Fire-hose  and  Nozzles. . 

In  Tables  32(i  and  327,  are  given  the  actual  discharge  of 
water  through  smnll  noz/.los  and  ring- nozzles'  connected  lo 
2i-inch  hose.  50  feet  and  loo  foot  long. 

In  Table  828,  arc  given  the  los^s  of  head  bv  friction  in  fire- 
hose, of  rubber  and  Of  k*ather,  under  given  heads  and  rates  of 

discharge,  ,  .  .. 

.1  .  *  .       -      *  •  •        .     .       •  »  «. 
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Tahlb      — Fbkssube  OF  Wateb  fob  given  Heads. 


\ 

Pl*essure 

Pressure 

Pressure 

t 

Pressui-c 

?Head. 

per 

Head. 

per 
Square 

Head. 

per 
Square 

Head. 

per 
Square 

m 

Inch. 

A.I  wUa 

Tnrli 

Inch. 

f 

t  Feet. 

PuuikIs. 

Feet. 

PouimLs. 

Feet 

Pounds. 

Feet. 

Pounds. 

1  • 

1 

0-43 

41 

1  r  /  o 

81 

35-08 

121 

52-41 

1  * 
1  * 

1  4 

1  i 

2 

0-8G 

42 

18-19 

82 

35-52 

122 

52-84 

8 

l-3() 

43 

18G2 

83 

35-05 

123 

53-2S 

It 
1  • 

.4. 

1-73 

44 

1 9-05 

84 

36-39 

124 

53-71 

li 
1  i 

.5 

2-l(> 

45 

19-49 

'  85 

3G-82 

125 

54-15 

■  4 

6 

4G 

19-92 

8(; 

37-25 
37-G8 

12G 

54-58 

H  » 

•7  1 

3-03 

47 

20-35 

87 

127 

55  01 

t 

.8 

3-4(> 

48 

20-79 

88 

38- 12 

128 

55-44 

"  y 

3*80 

40 

21-22 

89 

38-55 

129 

55-88 

11  10 

4-33 

50 

21G5 

90 

38-98 

130 

5G-31 

11 

12 

'  4*70 
r)-2U 

51 

22-09 

91 

39-42 

131 

5(i-74 

52 

22-52 

92 

39-85 

1 32 

57-18 

13 

5()3 

53 

22-95 

OS 

40-28 

133 

57-Gl 

14 

54 

23-39 

94 

40-72 

134 

58-04 

1  1 

15. 

6-40 

55 

23-82 

95 

41-15 

1 35 

I  58-48 

■  J 

1  1 

1() 

(>-03 

5G 

24-2G 

9(> 

41-58 

13G 

58-91 

17 

7-30 

57 

24G9 

97 

42-01 

137 

59-34 

18 

t  7-70 

■ 

58 

25-12 

98 

42-45 

138 

59-77 

*  20 

!  8-22 

51) 

25'55 

99 

42-88 

139 

GO-21 

•  S-GC) 

! 

GO 

25-99 

100 

43-31 

140 

G0-G4 

:  21 

1  i)-00 

Gl 

2G-42 

101 

43-75 

141 

Gl-07 

\  22 

;  9-53 

G2 

2G-85 

102 

44-18 

142 

Gl-51 

:  2B 

<J-l)G 

1 

()3 

27-29 

1 03 

44G1 

1 43 

Gl-94 

*  24 

;  10-3U 

G4 

27-72 

104 

45-05 

144 

G2-37 

10-82 

G5 

28-15 

1 05 

45-48 

145 

G2-81 

11-2G 

Gi; 

28-58 

lOG 

45-91 

14G 

G3-24 

2  7 

'  11 -GO 

G7 

29-02 

107 

4r,-3i 

147 

'  G3-G7 

i  28 

:  12-12 

(;8 

29-45 

1 08 

4G-78 

1  IS 

G4-10 

2'J 

]2-r>:) 

GO 

29-88 

109 

47-21 

149 

G4-54 

30 

i  12-1)11 

70 

30-32 

110 

47-Gl 

150 

G4-97 

'  31 

13-42 

71 

30-75 

111 

48-08 

151 

65-40 

;  32 

13-8G 

72 

31-18 

112 

48-51 

152 

65-84 

^-  33 

!  14-21) 

73 

31G2 

113 

48-91 

1 53 

GG-27 

,  14-72 

74 

32-05 

114 

49-3S 

154 

GG-70 

•  3:> 

lo-lG 

75 

32-4S 

115 

49-.SI 

155 

6714 

7G 

32-92 

IIG 

50-24 

15G 

t)  /  -o  / 

)  37 

lG-02 

:  77 

33-35 

117 

50-(;s 

157 

G8-00 

i  38 
?  30 

j  iG-i:. 

j78 
'79 

33-78 

118 

5M1 

158  , 

GS-13 

1  lG-81) 

34-21 

119 

51-54 

159 

(18-87 

1^17-32 

34-65 

•120 

51-98 

.160 

69-31 

1     »           m      »  ^ 

* 
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Table  324.— Pbbsbukk  of  Watek  fob  aiv£i2!€  IIkad& 


1  rcHMii  ( 

rrt'.ssurt 

■ 

1 

Head. 

S(  inure 

Head. 

per 

S'lU.irc 

Head. 

uer 

Head.. 

i  ijer 
1  Square 

liicli. 

[  Inch. 

luch. 

1  luch. 



Kent, 

Pomnls. 

Ffct. 

-5  

r  f  et. 

rouiitls. 

Feet. 

!  Poun<i« 

Km 

()W  i  \ 

201) 

.s<;-(;3 

iu.>  .>o 

1  Oi  k.  1  ■> 

1 20  4- 

J 

ni\''\  7 

201 

87-07 

O  *7 

1  Oil*  v'  *< 

120  «^«' 

loo 

7< 

202 

87-:)0 

911 

1  n4'*Mi 

1  O  1  •')<! 

IZl 

1 11  1 

1<>4  . 

7  1  -n  1 

20:? 

87-93 

1  i  i  1  .  o*? 
l\t  t  o «  > 

121  *~ 

11*" 

7  1.1"' 

7  1  4  < 

201 

88'3(> 

c>  o 

IzJ  1.) 

/ 1  1 

2or) 

8S-S0 

io5-(;o 

•>  o  o 
2«S.-^ 

'  1  !i  J 

I  1)  / 

7»>«*i  1 

2o<; 

89-23 

1  nr.*  1 

**•)•  77 

207 

89-(;(; 

i  ni )  . > (> 

2iS.> 

1  123  4.) 

208 

90-10 

•M7  ' 

1 .  M M )  , >il 

2«S(» 

!      1  •!•>.  Lid 

209 

90-53 

OK 

'  1  ( » 7  •  4 
'  1 1  )7'  Q/I 

I  1J4 

1  ~  1 

7  1  -HT 

210 

90-90 

•  OAt) 

»>  c»  o 
2  ho 

1J4  «.» 

1  i  1 

211 

91-39 
^  91-83 

O'a  \ 

_  .  >  \  J 

12.)  1> 

i  A  O 

7  1  •  n  1 

212 

9M 

2;M ) 

I  2.>  n- 

1  7  1 

213 

92-2(; 

2111 

120  (*•• 

1  * 

,  1  /  i> 

214 

92-i;9 

f    ^  tl 

2;l2 

12(>  4> 

1  / 1» 

2ir> 

93- 13 

:  2;Ki 

12<)  !'-' 

7(1  (IT 

2 1  () 

93-50 

1  1  J^rt 

1    i  W    "t  1  > 

2U4 

1 2  i  .1.1 

1  T'C 

7  7  •  1 1 1 

217 

?)3-99 

0\i\ 

;      I    1  "     O  ,/ 

2;>.> 

12<  <> 

1  70 
J  / 

7  7- 

21S 

94-n 

9")  7 

1     I    1   -  '^'^ 
III  .f^ 

2;)t> 

1 28  1. 

1  M  1 

7  ~  •  ( J  T 

2 1 9 

94-.s(i 

0\'< 

114   i  \i 

2Ui 

1 2S-().) 

1  v  1 

7v^-  la 

220 

95-30 

^ . ) . ' 

1  1  >>•  1  <\ 
I  1  Z  1  it 

21>S 

129-ii> 

1  QO 
J 

221 

95-73 

^  \  1 V  » 

1  I  9-<:o 

2;>9 

129-.)I 

1  o«> 

■ 

7l|«9  7 

222 

9r)-io 

1  1  K'i  Ml 

*  J  1  k  d  k 

1 29-y.» 

1 

7<l'7(  \ 

,  223 

9r»-;;o 

vilO 

1 84-2.*^ 

1 1>.) 

Mt\'  \  I 
oU  14 

224 

97-03 

1  1  -t'OO 
11.) 

:  .320 

134-(i2 

1 

1  o« ) 

Sli)'*i7 

225 

97-40 

1 42'i>o 

^  1  'lU) 

O  1  WW 

22n 

97-i»0 

1  1  4.-7<l 

.  .340 

14r2S 

!  1  s:\i 

S  1  'J 

227 

98-33 

1  1  ~i-*>»> 

.3;>0 

I;)  Mil 

J  J 

228 

98-70 

1  If)  ( >l  > 

1.55-9^ 

.  1  *  It  > 

229 

99-20" 

1  T  ( t  •  1  k  ( k 

1  I  '  )  W.I 

/  0 

100-2; 

1  <  i  1 
\\)\ 

u»>.  7 

230 

99-/)3: 

1  1  /t- "  •> 

:380 

io4-i;i 

102 

8H-I7 

.231 

lUO'Ol) 

270 

1  louli 

IOS-!)i 

vn 

rs.)  i)U 

232 

100-49 

9  71 

1  1  7«*^<J 
111  it  If 

4()0 

1 73-2? 
2W-.xS 

1<J4 

233 

100-93 

272 

117-82 

.5(40  ; 

1  i)r, 

SI- 17 

2M  , 

1 01-30 

273 

llS-2t; 

<K)0  j 

259-(R) 
3l>2-22 
340-.)l 
389%S6 

'lUG 

:  1 97 

{19S 
199 

8:>-.5:i 

23.") 
23(; 

101-  79 

102-  23 

274 
275 

118-  Oi* 

1 19-  12 

-  7U0 

-  800 

8:>-7(; 

8lr20 

237 

23S 

102-(;0 

loa-o'.i 

.27(i 
"277 

n9-.5<; 

n9-9*> 

iHJO 
I  OOU  . 

1  1 
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Table  329.— Bischabge  of  Water  over  Wsibs  is 
Streams,"  for  each  inch  of  Width. 
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Heasurment  of  Water  in  a  Stream. 

To  meawure  the  Tolnme  of  water  flowing  past  a  given  |>miit 
.  in  a  stream  per  minute^ select  a  portion  of  the  stream,  uniform 
■  or  nearly  uniform  in  width,  throw  into  the  middle  of  the 
st2^am,  a  floatint^  body  sufliciently  heavy  to  be  almost  totally 
immersed,  as  a  bottle  partly  iilled  with  water,  and  note  the 
'  time  taken  to  float  from  one  mark  to  another;  or,  note  the 

*  distance  traversed  by  the  fioat  in  one  minnte.    The  observa- 
tion should  be  repeated  several  times  to  give  an  average 

i  result.    Measure  several  sections  of  the  stream  within  the 
I  measured  distance,  and  multiply  the  average  area  in  square 
.  feet  by  the  distance  in  feet.    From  the  volume  thus  calculated, 
one-fifth  is  deducted,  as  an  allowance  for  retardation  by 

*  frictional  resistance  at  the  bottom  and  sides,  to  give  tl)e 

*  volume  of  flow  in  cubic  feet  per  minute. 

Another  method  of  mcasuienicnt,  admitting  of  more  nearly 
exact  results,  is  to  cause  the  water  to  How  over  a  weir,  by 
fixing  a  board  across  the  sti-eam  where  it  flows  slowly,  having 
a  notch  cut  into  it  broad  enou^rh  and  deep  enough  for  all  the 
water  to  pass  over  and  fall  freely.    At  the  distance  of  a  yani 
'  or  two  from  the  notch,  up-streani.  fix  a  rod,  and  mark  on  it  the 
level  of  the  crest  of  the  notch,  measure  the  hei.i^ht  of  the  water 
^  surface  above  this  mark,  to  give  the  depth  of  the  crest  below 
'  the  surface  of  the  water.    Find  in  the  Table  829,  calculated 
according  to  Du  Buat's  formula,  the  observed  depth  in  inches, 

*  and  multiply  it  by  the  corresp(Miding  value  in  the  next 
column,  which  cxi)resses  the  vohnne  discharged  for  each  inch 

*  in  width  of  the  crest.  The  product  is  the  )vhole  volume  Qf 
'  water  discharged  in  cubic  feet  per  minute. 

For  example,  if  the  depth  over  a  weir  50  inches  wide  be 
J  inches,  find  (IJ-  inches  in  the  columns  of  depths,  and  note 
;  in  the  next  column  the  ([uantity  of  water,  G"G5  cubic  feet  per 
♦inch  wide  per  minute.    Multiply  G-fJf)  by  50  ;  the  product  is 

*  332 '5  cubic  feet,  the  volume  discharged  per  minute,  J 

.Pigeharge  of  Vater  from  a  Tanfc  ovey  a  taintliiig  Bay,  j 

Messrs.  B.  Ponkin  &  Co.  have  made  observations  of  the 
j  quantity  of  water  discharged  from  a  taidc,  over  a  rectangulir 
^  notch,  tumbling  bay  or  weir,  cut  into  a  brass  or  copper  sheet, 

i  inch  thick,  fastened  to  the  inside  of  the  tank.  The  bay  was 
I  6  inches  wide.    The  levels  of  water  wei'e  observed  on  the  same 

system  as  alrea<ly  described  foi*  llie  measurement  of  streams. 
J  The  width  of  the  bay  should  not  in  any  case  be  greater  than 

*  one-third  of  the  width  of  the  tank.  Table  83U  gives  tHe 
"  weight  and  volume  of  water  falling  over  a  bay  6  ilxehea~wicre, 
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titi  one  minattsi'to  depths  of  from  1^  inches  to  4ig  inches  6tcr 
the  bay. 

For  ba,ys  of  greater  width  thUn  6.  inohes,  the  rate  of  dis- 
charge is  increased  in  the  same  proportion. 

Table  330.— Quantity  of  Water  DiscuAnata)  over  a. 
TuMBHiJG  Bay,  i\  inches  Wide. 


1^  .(Donkln.). 


I^epth  over 

Depth  over 

Tumbling . . 
Bay. 

XiimbUog  . 
Bay. 

Vato'lg^r  Minute. 

Cuh  Ft 

T 1 1  r* }  < 

fill)  l<> 

U 

*  2 

274 

4-31) 

34 

874 

14-00 

2112 

4()7 

'la 
3i^ 

900 

14-43 

V* 

310 
327 

40() 
5-24 

92(5 

yr)i 

14*83 
15-24 

ll 

•■•4 

345 

5-52 

3i 

977 

15-65 

3^5 

5  '84 

3^- 

1003 

16-08 

8 

383 

(M3 

34 

1 030 

16-44 

402 

(>-44 

10.")  6 

16-84 

Q      ,  < 

!  •  .  421  i 

6-74 

34 

1083 

17-35 

f  .442 

7-08 

'  3^ 
•'10 

1112 

17-82 

462 

7-40 

3^ 

1 139 

18-25 

483 

;  7-74 

8iS  • 

11G6 

18-68 

r>03 

S'Ofi 

1193 

1911 

I    •  2A 

•525 

:8-41 

4A 

1221 

19-56 

.547 

.8-76  : 

.  4i 

1250 

20-01 

568 

9-10 

1279 

20-49 

Qi 

r  ?89  • 

.  e-43 

1306 

20-93 

;9-80: 

1336 

21-41 

2« 

634 

10-1*6 

1365  ' 

21-87 

657 

I(^89^• 

^394 

22-34 

2» 

680 

•  s 

1424 

22*82 

.  7.04 

U-28 

1454 

23S-30 

21  . 

.727 

11-65 

.41 

1483  . 

23-7i5; 

9  IS 

751 

1205 

4tt 

15U.  ! 

24-26,.  t 

» • »      "  ' 

, 775 . , , 

.12-41 

1544   1  24-74 

.800 

12-82, 

.  4i3 

,  157p 
1605  1 

.25-24>l  . 

825 

13-22 

.  .*i 

.25-7?.rl 

.    850  . 

13-62 

4tt 

1635  1 

■  1 

86-22  1 

Mes^^i's.  Donkin  and  Salter  made  more  i-e(^ont  me3ac;ureuiciit3 
of  the  flow  of  water  over  a  bay  of  rectangular  t'orra^  H  inches 
wide,  cut  square  out  of  sheet  biaj^s  ^  inch  thick.  /  They  give 
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the  general  formula  for  theoretical  dificharge,  Tedaeed  lor 
pounds  and  inches,  as  follows  : — 

Qt=L  40-082  V/T'      .      .      .       .  (A) 

L=lenofth  of  bay,  in  inches. 
A=heacl,  or  height  over  bay,  in  inches, 
pounds  of  water  discharged,  per  minute. 

The  co-efficients  of  actual  discliarge  vary  from  64  to  62  per 
cent,  of  the  theoretical  discharge,  for  heads  of  from  ^  inch  to 
3  inches. 

Flow  of  Water  through  a  Ml)merged  Weir. 

A  horizontal  rectangular  opening,  (i  inches  deep,  (I  feet 
wide,  was  made  in  a  boaixl  5  inches  thick,  the  upper  and 
lower  surfaces  being  rounded  to  a  semicircular  section, 
2^  inches  radius.  The  opening  was  entirely  submerged  at  the 
inner  side,  under  heads  of  fioni  G  inches  to  4  feet.  The 
efficiency  of  discharge  vaiied  from  73  per  cent,  to  78  per 
cent. 

Water  Power. 

The,  power  of  a  fall  of  water  for  work,  is  measured  by  tlie 
product  of  the  weight  of  water  falling  in  a  given  time,  by  the 
height  of  the  fall.  The  fall  is  measured  from  the  surface  of 
the  head-water  to  the  surface  of  the  tail-water  when  the  mill 
is  at  work.  In  calculations  of  water  power,  the  weight  of  ^ 
cubic  foot  of  water  is  couimonly  taken  at  ()2.}  pounds. 

The  potential  horse-power  of  a  streaui  is  measured  in  the 
same  way  in  terms  of  the  fail  or  diiierence  of  level  of  the 
upper  and  lower  gauge  points.     '  •' 

The  proportion  of  the  horse-power  of  the  fall  that  can  be 
utilised  depends  upon  the  efficiency  of  the  motor. 

Water-Wheels. 

Under-shot  wheels,  havinnr  radial  floats,  are  from  10  feet  U) 
25  feet  in  diameter,  and  have  an  efficiency  of  from  27  percent. 

to  'M)  per  cent. 

Poncelet's  under-shot  wheels  have  curved  floats.  The  effi- 
ciency is  about  65  per  cent,  for  falls  of  4  feet  or  less  ;  and 
from  55  per  cent,  to  ~>i)  per  cent,  for  falls  of  from  (>  feet  to 
6J  feet.  The  velocity  of  the  floats  should  be  55  per  cent,  of 
that  of  the  water. 

Breast  wheels  have  an  efficiency  of  70  per  cent,  when  the 
height  of  the  fall  is  about  8  feet ;  50  per  cent,  for  4  feet  of 
fall.   The  most  suitable  velocity  of  the  floats  is  4J  feet  per 
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Seconds  The  diameter  should  be  at  least  11^  feet ;  it  is 
seldom  more  than  doable  this.  ^  ' 

Over-shot  wheels  are  employed  for  beards  of  from  13  feet  to 
20  feet.  The  vekxnty  of  the  floats  should  be  at  least  3  feet 
per  second  :  say  6^  feet  lor  the  smaller  diameters  ;  10  feet  for 
the  larger  diameters.,  ^e  efficiency  is  from  70  per  cent,  to 
75  per  cent*  ... 

Whitelaw's  water-mill — a  development  of  Barker's  mill — 
has  been  .pimed  expMmeiiAally  ta*  fd^omr  76  pear  cent  of 
efficiency*  In  ordinary,  the  efficiency  is  about  66  per  cent, 
*  The  Fburneyson  turbine,  having  an  outward  flow,  has  an 
efficiency  of  ftom  60  per  cent,  to  70  per  cent.  The  Jonval 
turbine,  having  a  dowmvwl  flow,  has  usually  72  per  cent, 
efficiency,  under  a  lull  charge.  It  varies  from  68  per  c^t.  to 
80  per  cent.  .'The  vorte:^  wheel,  or  inwatd«flow  turMnei 
designed  by  Mr.  James  Thbmson,  has  resdised  an  efficiency  of 
77^  per  cenl  The  Swain  turbine,  in  whicih  an  inward  and  a 
downward  discharge  are  combined,  when  tested  by  Mr.  J,  B; 
tVancisy  realised  a  maximum  efficiency  of  $4  per  eenc.  At 
half  gate 'the  iha^mum  "cfficieiicy  was  78  per  cent. 

The  Giraltd  turbine,  or  tangentSal  whe^l,  has  yielded  an 
efficiency  4^  87  per  cent.  \  at  moderate  speeds,  in  ordinary 
practice,  from  75  pel:  cent,  to  80  ^er  cent, 

•  • 

Hydraulic  Povei^. 

The  Armstrong  hydraulic  machiues  work  with  efficiency 
vaiyiug  with  the  multiplying  gear,  as  follows  ; —  . 

EtticiQUcy  ,  Klticiency 

pw  Genu  I  PVT.  ccaU 

Dire/Bt-acting  ...  93  10  to  1      .     .      .  ({3  . 

2  to  I    •  .      .      .80  !  12tol   .      ...  ^  .59 


4tol  .  .  .  .  76 
6  to  1  .  , .  .  72 
8  to  1 ,  J.      . ,    .  .  j,(57 


Utol  .  .  .64 
16toX    .      •      •  60' 


(uohi^tioi^  Inordinary  plunp  packing,  witi  sheavds  .aai 
wrought-iron  pins.  With,  fpec^l  precautioi^s,  ppQiprising 
large  sheaves,  and  small  hard  pins,  the  efficiency  of  a  machine 
iftultf  plying  20  to*  1  waa  as  ht^  as  66  per  eenti  With  the 
luseumiiktar  mhigottfttlling^at  700  Ibs^  pressure  per  square 
Inch,  the  friction  of  the  ram  is  about  2^  per  cent  • 

The  loss  by  friction  in  a  steam-cngiue  pumpiug  into  an 
accuuf^latoi;,  has  been  taken  at  8*3  per  cent.    The  ultimate  • 
efficiency  is  given  by  compounding  the  engine  efficipnc^  witi^ 
the  eiheieucy  of  the  machine. 

Q  Q 
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The  ram  of  tlie  hydraulic  press  is  packed  with  a 
coUai',  the  frictiou  of  which  is, — 

1  per  cent,  of  the  pressure  for  a  4-iiicli  ram. 

i      »        «        »        ?>'  1^  ff 

Hydraulio  TranBmiBBion  of  Motive  Power. 

At  the  OeutraL  Pumping  Station,  Falcon  Wharf,  BlackfiiiR 
of  the  London  Hydraulic  Power  Company,  there  aie  tw^ 
accumnlators  having  20-inch  lams  of  23-£eet  stroke,  loaded  icr 
a  pressure  of  750  lbs.  per  square  inch.  At  the  Philip  Uzr. 
Pumping  Station,  the  accumulator  is  13.  feet  above  those, 
is  loaded  to  710  lbs.  per  square  inch.  The  delivery  of  powe: 
water  from  Falcon  Wharf  is  through  four  6-inch  mains ;  a&d. 
at  200  yards  distance,  through  five  64nch  mains.  The  ddivar 
is  1040  gallons  per  minnte,  at  a  velocity  averaging  2*83  ^ 
per  second,  or  170  feet  per  minute.  The  loss  of  head  doe  to 
this  velocity  is  22*896  feet  per  1000  yards,  by  the  formula 

(Gallons  per  minute)^  x  length  of  pipe  in  yards 
(3  X  diameter  of  pipe  in  inches^^ 

The  most  distant  point  of  the  main  is  5320  yards,  or  jost 
over  3  miles,  from  the  accumulators.  In  a  circuit  of  5  tftifaL 
the  normal  difierence  of  pressure,  or  loss  of  head,  was  20  feet 
head.  To  allow  for  sii<^  losses,  as  well  as  for  valve  passsga 
and  bends,  the  stated  pressure  supplied  is  700  lbs.  per  square 
inch.  At  the  end  of  1887,  the  total  length  of  mains  laid  ws 
nearly  27  miles.  There  were  then  about  600  machines  working 
from  the  mains  in  London,  when  the  largest  quantity  of  power 
delivered  in  one  week  was  a  little  over  2,000,000  gallons,  or 
3,333  gallons  per  machine.  The  maximum  consumption  in 
any  one  hour  was  35,000  gallons  ;  the  minimum,  1500  gallons 
The  practical  efficiency — brake  horse-power  of  hvdi»iilic 
motors— may  be  fixed,  says  Mr.  E.  B.  BUington,  the  en<riueei 
of  the  company,  at  from  50  to  60  per  cenC  of  the  indicator 
power  developed  at  the  central  station.' 

By  the  results  of  special  trials,  when  178^  indicator  horse- 
power w^as  developed,  4558  gallons  of  water  were  pumpetl  per 
cwt.  of  coal  consumed,  with  the  Vicars  stoker  ;  2'1[)  pounds  of 
rough  small  co;j1  being  consumed  per  indicator  horse-power 
per  hour.  In  a  trial  for  oue  w^eek.  under  oixiinary  condi- 
tions, 3;j99  gallons  of  water  were  pumped  per  cwt.  of  coal 
consumed. 
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s  OF  CuTTiJ^Q.^ypoLS.   (J.  RozeQ 


Houghing 
Cuta. 

Lathe 

Feed  or  Lathe 
Revolutions 
per  Inch  of 
Tool  Tr&Tel. 

Imishing 

(hits 

L;ith«! 

Finishing 
Revolutions 

Revolutions 

ii  evolutions 

per  Inch  . 

perMliiute. 

ijorjtfiinit^  t 

Tool  Travel. 

'  '  'ItuovonT  Iron.  ' 
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COIiOXTKS. 

Speed  of  Cnttiiig  loobL 


1  For  cast-iron,  160  to  190  inches  per  minute ;  bonng,  80  inehcL 
Iperminnte.  ^  y 

I    For  wrought-iion,  260  to  ^80  inches  per  minute.' 

For  yellow  brass,  300  ii^cbefii  per  minute.  "  I 
I  I  I 

iWood-Wdrking  Maohinery.  * 

Feet  pet 

5  .  Minute. 

?  Teeth  of  circulao:  saws  9,000 

Cutter  blocks  for  planing  and  moulding  (cutting  edge)  6,000 
Irregular  moulding  and  shaping  madunes  (ditto)  •   .  5,000 

Band-saw  for  cutting  metals  2.10 

Band-saw  blades   4,000 . 

'  Saw  and  cutter  sharpening  machine  ....  5,000 

.  Shafting  ^0  revolution!. 


Table  332.— Goloubs  used  m  Mechanical  and  AscHi 

TECTURAIi  DSAWING,  TO  BEPBESE^^T  VAEIOUS  MaTEEIAL^S 


Brickwork  (in  section) 
Brickwork  (in  eleva 

tion) 
Cemeut  . 
Concrete 
Copper  , 
Glass  , 

Iron  (wrought) 
Iron  (cast)  . 
Lead      .  , 
Leather 
Plaster  . 
Slate  . 

Steel     .  : 

Stone  .      ,  ■ 
Tiles 
Wood  . 


I 


uamboge.  | 
Crimson  lake.  • 
Crimson  lake,  mixed  with  bumt^ 
sienna.  I 
Sepia.  I 
Sepia,  mottled,  with  burnt  umben 
( 'rimson  lake,mixed  with  gamboge 
Cobalt  (blue),  mottled,  ' 
Prussian  blue. 
Payne's  grey. 

[udigo,  or  light  Indian  ink. 
Vandyke  brown. 
Sepia.  ' 
Indigo,  mixed  with  crimson  lake. 
Crimson  lake,  mixed  with  Prus*i 

sian  blue. 
Burnt  umber, 
Indian  red. 
Burnt  sienna. 


t 
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Sleetrlcal  Units. 


•  .'  •      '    :  • 

•  XML'  • 
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DsriTBtloii 


ElectTomotive  i 
Force  .      .  j* 
Resistance   .  . 

*  '  »>  •  ^' '  • 
CuTrent      .  . 


Quantity 
Capacity 


■I- 


Dimen- 
sions.in 
C.  G.  S.  * 


1  f 


Volt  ' 

Ohm  • 
Megohm*  * 
Ampere 

Uilliampt^re 

Coulomb  . 
Farad  . 

Microfarad 


.  I  Ampere  x  Ohm  . 

.  {  Volt-^Amp^re  . 
\  I    Akiilion  OhisQs 
Volt^Ohm 
X  tl)oi^iw3th 
Ampere 
.  i  Attip^x^6nci|   lOW  J 
. '  Coulomb Volt  10-» 

1    millionth  j 
•|     Farad   .      \  S 


*  C.  G.  S.  =  Centimetre- Gramme-iSecond. 


For  electric  lis^ht  and  power  purposes  the  Ampere  is  the 
practical  unit  of  current.  •  -  _      .  ; 

For  telegraph  puxpo^e^  the  MilUampi^rQ  i^the  practical  ij^nit 
of  current. 

The  B.A.  (British  Association)  Ohm/the  unitof' j^sistance'in. 
general  use = resistance  of  oofufan  of  pnre.mercnry  i'0462 
metres  long,  1  sq.  mm.8ectioii  at  O"*  C. ;  it  is  less  in  value  than 
the  true  Ohm,  wMcfa  aoooidin^  to  most  i«cent  detemiinationft  is 

J-??^  of  the  B j^.  Ohm.  "      '  ' 

I  04:82 

The  Siemens  Mercnry^Unlt  sts.  *d54U  HA.  Unit. 

Inaulation  resistances  are  usually  measured  in.  Megohms. 

-  When  a  current  of  1  Arapcre  flows,  electricity  is  passing  at 
the.  rate  of  1  Couiomb  per  second.'  ... 
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A  capacity  of  1  Farad  charged  to  a  potential  of  1  Volt  con- 
tains 1  Coulomb  of  electricity. 

The  Microfarad  is  the  practical  unit  of  capacity  ;  it  is  the 
capacity  of  about  Jrd  of  a  mile  of  submarine  cable. 

A  Daniell  Cell  has  roughly  an  £lectroiDotiTe  Force  of  1*07 
Volts. 

 Blftotro^Keohiaa^ail  Vnjts,  . 

Bate  at  which  work  is  being  done  or  energy  expended  in  a 
resistance,  B,  throtigfa  which  a  current,  C,  is  flowing,  tfaiere  being 
an  eljectromotive  force  or  potential  difference,  £,  between  the 
ends  of  the  resistance  is 

EC,  C2  B,  or  1!,  Watts. 
B 

'  1  Watt=  yjgth  of  a  horse^poweiri  mj^I  horse-power =746 
Watt&  I      .    ,  , 

1  Kilowatt  =  1000  Watts  =  1*34  horse-power.  . 

1  Watt =i  Joole  per  see. 

A  current  of  1  Anip(>re  flowing  through  a  resistance  of  1 
Ohm  for  1  sec.  docs  1  Joule  of  work* 

1  Jonla  williaifia  '2^  grammes  of  water  1^  0.  in  ten^keza* 
tnre, 

1  Calorie  is  the  amount  pf  heat  req^uired  to  rai§e  J.  g;ramme 
of  water  1°  C. 

1  Joules  *23S  calories. 

1  Joule =-7373  foot-lbs.  =  10,000,000  Ergs. 

1  Erg  (the  absolute  unit  of  wor'k')ssl  Centimitre-dyne. 

1  Dyne  (the  absolute  unit  of  force')  is  that  force  which,  act- 
ing for  1  FCC  on  a  weight  of  1  gramme  on  a  smooth  horizontal 
plane,  will  give  it  a  velocity  of  1  centimetre  per  sec. 

Board  of  Trade  nnitslOOO  Watt^hourss^work  done  by  1*34 
horse-power  during  1  hour. 

Measurement  of  Besistanees. 

For  general  pur|)Oscs.  the  measurement  of  resistances  is  most 
conveniently  cfFected  by  the  Post  Office  pattern  of  Wheat- 
stone  bridge,  the  plan  of  connections  of  which  is  shown  in 
Fig.  81. 
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Wbeatstone  Bridge, 
Post  Office  Pattern, 
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X  is  the  resistance  to  be  measured,  g  a  galvanometer  of  about 
1000  ohms  resistance,  and  E  a  battery  (which  for  ordinary 
purposes  may  be  about  10  Leclanche  cells).  In  making  a 
measurement  plugs  must  be  removed  from  a  and  h,  and  thp 
right  hand  key  pressed  and  kept  down,  then  the  left  hand  key- 
must  be  alternately  depressed  and  raised,  plugs  being  removed 
from  between  D  and  E  until  no  movement  of  the  galvano- 
meter needle  is  observed  to  take  place  on  the  depression  an^i 
raising  of  the  key.   When  balance  is  thus  obtained 

a 

'=7,'' 

r  being  the  resistance  unplugged  between  D  and  E  (the 
greatest  value  of  this  rcs^istance  is  10,000  ohms).  By  mak- 
ing a  greater  than  b  resistances  greater  than  the  whole  of  the 
resistance  between  D  and  E,  i.e.,  lO.OOO  ohms,  can  be  measured, 
the  greatest  value  being  1,000,000  ohms,  wliich  is  obtained  by 
making  a  =  1000  and  b  =  10,  for  when  /•  =  10^000  ohms,  then 

af=i^  X  10,000=1,000,000  ohms. 

^making  a  less  than  b  resistances  1^8  than  1  ohm  can  be 
measuied,  the  least  value  being  -01  ohm,  which  is  obtained -rt^ 
making  a^lO  md  bsz  10(K),  lor  wh^  i^a  1  obin,'tliQiis       c » 


ir~        X  l  =  *Ol  ohms. 
1000 
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Individual  Besistanoe  of  8  or  more  Telegraph  "Wires. 

In  order  to  avoid  eiTors  due  to  earth  currents  or  an  im- 
perfect earth  when  measuring  the  conductor  resistance  of  3 
or  more  teleprraph  wires, 

Loop  wires  1  and  2  and  let  measured  resistance  be 


then 


1 
2 


3 
3 


•4 


Resistance  of  No.  1.  Wire= 


_  ^1  +  r„  -  )\ 


1? 


=  7\  -  Kesifitance  of  Xo.  1  Wire 


2  _  , 

As  the  resistance  of  No.  1  wire  is  thus  known  we  can  loop 
it  with  any  number  of  other  wires,  and  having  ascertained  the 
resistances  of  the  loops,  the  resistance  of  any  one  of  the  wires 
is  given  by  subtracting  the  resistance  of  No.  1  wire  from  the 
resistjince  of  the  loop. 

Measurement  of  Low  Besistances. 

For  measuring  low  resistances — Le.  resistances  of  less  than 
1  ohm — with  accuracy,  the  measurements  are  usually  made 
by  means  of  the  "  Metre"  bridge  : — 


Fio.  82. 

a  is  a  standard  resistance  of  1  ohm,  ir  is  the  low  resistance  to 
be  measured.  A  slider  connected  to  one  end  of  thq  galvano- 
meter is  moved  until  no  movement  of  the  needle  takes  place 
on  depressing  the  slider  contact,  then 

1000 


-1 


The  galvanometer  should  have  a  resistance  of  about  y^th  ohm. 
and  the  battery  should  be  about  2  large  size  Leclanche  cells. 
Great  cnre  should  be  taken  that  all  the  connections  to  tbe 
terminals  are  well  made,  and  that  the  surfaces  in  contact  are 
•'^.raped  bright. 

I  Google 
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ftOl. 


Vealniraiieiit  of  Bigk  Besktaiicei.  • 

For  measuring  high  resi^anoes,  f>.  redBtances  exceeding  V 
megohm  y  sucih  as  the  Inmlatim  reHgtfanee  of  a  well  instilated 
wire,  the  bridge  method  cannot  be  iadopted  with  acoaaraey. ;  in. 
these  cases  the  "  deflection  "  mej^gd.  n^mst  be  used,  and  a  galva- 
nometer of  high  resis  tance  and'one  in  which  the  deflections  are 
directly  proportional  to  the  cuirent;  be  employed,  '  The  gal- 
vanometer most  suitable  for  the  purpose,  is  the  Thomsolii* 
Bcflectmg.'* 


Fio,  83. 

A'small  battery  e  (nsnally  1  cell)  is  first  connected  np  with  the 
galvanometer  and  with  a  resistance  B  ci  10,000  ohms  (the 
resistance  between  D  and  B  of  tfie  Post  Office  Wfaeatstone 
bridge  may  be- used  for  the  purpose),  the  galvanometer,  being 
shnnCed  by  a  shantS  (usually  the.Uxjth  ghnnt^so  that  it  con- 
venient deflection  JD  is  obtained ;  this' is  called  taking  the  eon-' 
xtant.  The  connections  are  then  altered  as  shown  by  the 
second  fig.,  a  large  battery  E  (abont  100  or  more  cells)  being 
used,  and  the  wire  whose  insulation  is  to  be  measured  being 
joined  up    fihown^  Let  the  deflection  be     and  the  .shunt, 

on  the  galvanometer  be  thelth  (usually  ^th,  ^,th  or  ^th^  i,e, 
»=slO,  100,  or  lOOU)  :  alpo  let  the  shunt  used  when  the  eon^ 
Mtant  is  taken  be  the^- th  shunt,  then 

D  X  \ 

Insulation  resistance  o£  wire= — —xK-i-d 

where  K  is  the  rntio  between  the  nuinbuv  of  cells  userl  in 
taking  D  and  in  taking  the  constant  ;  thus  if  d  is  given  by 
100  cells  and  D  bv  1  cell,  then  K  =  100.  When  orreat  accuracy 
is  required,  the  exact  ratio  of  the  force  of  the  laro^e  to  tlx'  small 
battery  has  to  be  dt^termined.  for  it  is  seldom  that  inn  cells 
have  exactly  100  times  tiie  force  of  1  cell,  though  in  a  large 
number  of  casesit  issufiicient  t4>  consider  it  as  such,  care  being 
taken  that  the  cells  are  all  in  good  condition,  li  a  wcf/oh m. 
resistance  (1,000.000  ohms)  is  available,  the  cotintajit  may  be 
taken  with  the  same  battery  as  is  used  for  testing  the  insulated 
wire,  the  megohm  being  used  in  the  place  (xt  the  lU,yooobms; 
m  this  case  K=:l. 
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Care  should  be  taken  that  the  ends  o£  the  iosalated  wire 
being  tested  are  well  trimmed  and  quite  dry  ;  psseimMy  the 
ends  should  be  painted  over  with^  or  dipped  for  n  monrait  in^ 
hot  paraffin  waa^j  mtt  paraffin  oU. 

Combined  Besittaaeef. 

The  joint  resistance  of  any  number  of  resistances  joined  in 
parallel  or  multiple  arc,  is  equal  to  the  reciprocal  of  the  sum 
of  the  reciprocals  of  their  respective  resistances  ;  thus  the  joint 
resistance  in  parallel  of  wires  whose  resistances  are  7\,  r^,  r^, 
7*4,  &c,,  is 


"l"'*'^"  -■^"--•'t'  •••• 

r%  ^4 


If  there  are  only  two  rsistanc  es,  then  their  joint  resistance 
in  parallel  is  equal  to  the  product  of  their  Talnes  dirided  by 
their  sum,  or 

Bhnnti. 

If  C=total  current  flowing  through  a  galvanometer  of 
resistance  G  shunted  by  a  resistance  S,  and  ^  the  portion  of 
this  current  flowing  through  the  galvanometer,  then 

^  t^.  is  called  the  multiplying  power  of  the  rtnmt. 
The  joint  resistance  of  the  galvanometer  and  shunt  is 

G  +  S- 

The  shunt  reqiiirecl  to  give  a  certain  multiplying  power  n  ia 

The  joint  resistance  uf  the  shunt  an  l  galvanometer  in  this 
case  is  , 

G 

n. 

If  it  is  required  to  make  up  for  the  reduction  of  resistance 
in  the  circuit  caused  by  the  addition  of  the  shunt,  a  comjutn* 
sating  resistance, 

G  +  S,        n  ^ 
must  be  added  in  the  circuit. 
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Batio  of  C«fT6iit  to  Boiiitaiiee  and  Potential  DifEteenco. 

0= current  flowing  through  a  wire, 
V= potential  difference  between  its  ends, 
R  =  resistance  of  w  i  i  e , 

Corrections  for  Temperature. 

For  general  Telegraphic  and  Electric  Light  pnrposcB,  the 
resistances  of  copper  conductors  are  seduced  or  corrected  from 
the  measured  results  at  die  observed  temperature  to  the  values 
at  60®  F,,  this  being  the  norraal  temperature  of  the  air ;  this 
redaction  can  be  effected  by  the  blowing  table 

TABLS  t^BS.-^UVhTlVtiYtSa  CaBFFtCIBKTS  FOB  BEDUCING. 
THB  OKEBVBB  BBBIBTANOS  OF  OBBINABT  COPPBB 
WIBB  At  AKY  TEHPERATTTRE  tO  60**  P. 


1 

1  Temp. 

1  F 
1 

Coetr. 

lamp. 

Coeff. 

Temp. 

f  • 

Coeff. 

wry 

Temp. 

•  F 

Coeff. 

Temp. 
•  F 

Coeff. 

1  90 

•9392 

•9610 

68 

'9834 

57 

1-006 

46*5 

1-021) 

•9402 

78^5 

•9621 

67-5 

•9844 

56*5 

1-007 

46 

1-030 

1 

I  Of 

•9412 

<  o 

•0631 

67 

•dA55 

1*OOA 

88-5 

•9421 

775 

•9641 

66-5 

•9865 

55*5 

1-009 

45 

1-032 

88 

•9431 

77 

•9651 

66 

•9875 

•»  •» 

1-010 

44-5 

1-03H 

87-5 

•9441 

76-5 

•9661 

65-5 

•9886 

54*5 

1-012 

44 

1-034 

87 

•9451 

76 

•9671 

65 

•9896 

54 

1-013 

43-5 

l-03r, 

1  80-5 

•9461 

75*5 

•9681 

64-5 

•9906 

53o 

1-014 

43 

1-03(1 

sr. 

•9471 

75 

•9691 

64 

•9917 

53 

1016 

42-5 

1-037 

1  s:)-5 

•9481 

74-5 

•9701 

63-5 

•9927 

52^5 

1-016 

42 

1-038 

85 

•9491 

74 

•9711 

63 

•9937 

52 

1-017 

41-5 

1-039 

1  84*5 

•9501 

73-5 

•9722 

62-5 

•9948 

51-5 

1-018 

41 

1-041 

1  84 

•9510" 

73 

•9732 

62 

•9958 

51 

1019 

40-5 

1-042 

1  S3ro 

•9520 

72-5 

•9742 

61-5 

•9969 

50-5 

1020 

40- 

1-043 

1  83 

•9530 

72 

•9752 

61 

•9979 

50 

1-021 

39-5 

1044 

1  82-5 

•9o4t) 

71-5 

9762 

60^5 

•9990 

49-5 

1-022 

39 

1^045 

1  82 

•9550 

71 

•9772 

60 

1-000 

49 

1-023 

38-5 

i-04(; 

1  81*5 

•9500 

70^5 

•9783 

59*5 

1-001 

48^5 

1-024 

38 

1047 

1  81 

'9570 

70 

•97^ 

59 

1002 

48 

1-025 

37-5 

1048 

1  80-5 

•9580 

(;9^5 

•9803 

58-5 

1-003 

47*6 

1-026 

37 

1-041) 

l80 

•9590 

r>9 

•9814 

58 

1-004 

47 

1-027 

36^5 

1-050 

1  79-B 

•9600 

68^5 

•9824 

57-5 

1-005 

Exawple.—The  le^stance  of  a  copper  wire  at  48**  F.  is  20U 
ohms ;  what  Is  its  mistaoce  at  60**  F.  ? 
Resistance  at  60**  F.=200  x  1-025=205-0  ohms. 
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.For  Snbmarinc  Cable -tests  tbe  rtenlta^ure  xedottd  to  76f  P. 
by  the  following  table : — 

*  • 

Tablb  834.— Multiplyikg  Coefficients  (k)  fob  Be- 

DUOINa  THE  0B8EBVEI)  RESISTANCE  OF  OBDIXABT 
COPPEB  WlBE  AT  ANY  TEMPBBATUBE  TO  lb**  F, 


Temp. 
"  F. 

Temp. 
F. 

• 

T^mp. 
F. 

t 

Temp. 
F. 

1  1 

Teinp. 
^  F. 

1  Onoir 

90 

k 

79 

•9917 

G8 

> 

1'015 

to  ^ 

r>7 

1*038 

46*5 

1*061 

89*r> 

•9701 

78-5 

•9927 

67-5 

1-016 

«^  y»  to 

;)6-5 

1*039 

46 

1062 

89 

•9711 

78 

•9937 

67 

1-017 

.>(> 

1*041 

45*5 

1*064 

88-r) 

•9722 

77^5 

•9948 

66-5 

1*018 

1*042 

45 

1^065 

88 

•9782 

77 

•99o8 

66 

1*019 

5ir 

1*048 

44*5 

1*066 

87m 

•9742 

76'S 

ar^^^  A  .rib 

•9969 

6f>*5 

1*020 

64*5 

1*044 

44 

1^67 

87 

•9752 

76  •  ^ 

•9979 

65 

1*021 

54 

l*04o 

4.TO 

8I5-5 

•97fi2 

•9990 

64-5 

1*022 

•  S3-:? 

43 

1*D6F 

86 

•9772 

we 

70 

4  A 

I'OOO 

64 

1*023 

58 

1*047 

42:5 

1*070 

85*.> 

•9788 

74^o 

l^OOl 

(;8-5 

1^024 

52*5 

1*048 

42 

1*071 

8n 

•9793 

74 

1*002 

68 

1*025 

52 

1*049 

41*0 

1*072 

84-i> 

•9803 

73  •o 

1*003 

62*5 

1*026 

51-5 

1*050 

41 

1*074 

.84 

•9814 

73 

1*004 

62 

1*027 

51 

1-1)51 

4.0-5 

1-076 

83-r) 

•9824 

72-0 

1*005 

(;i-5 

1*029 

50^5 

1-053 

'40 

1*076 

8B 

•9834 

•72 

roof) 

61 

1-030 

50 

1*094 

39*5 

1-077 

82-0 

•9844 

71-.^ 

1-007 

<»()-5 

1-031 

49\r» 

1^035 

39 

1-078 

82 

;  81-5 

•9855 

71 

roo8 

(;o 

1032 

49  '1-056 

38*5 

1079 

•9865 

70-:> 

1-009 

59-5 

1-038 

48-5  '1-057 

38 

1-080 

81 

•9875 

70 

1-010 

59 

1-084 

48  1 

1058 

37-5 

1*082 

,  80-5 

•9886 

09-5 

1-012 

58-5 

1-085 

47-5  ' 

1*059 

37 

1*083 

80 

•9896 

69 

1-018 

58 

1-086 

47  1-060 

36-5 

1*084 

79-5 

^9900 

685 

1014 

57.-5 

1-037 

1 

J!Jxawj)h\—The  resistance' of  a  co]>per  ivire  at  57*  T.  ia  860 
Obms ;  what  is  its  resistaaice  at  75°  F.  ^  ^     '  * 

Resistance  at  75  F,  =  8ou  x  1  -088  =  81 1  -4  ohms.  ' 


By  means  of  the  foroofoins:  T;ibl<}  the  temperature  of  the 
P>ea.  in  which  a  Submarine  Cable  is  laid  can  be  det^irmined. 
provided  the  resistance  of  the  e(uiductor  of  the  Cable  at  75'' 
was  ascertained  durine  the  course  of  manufacture.  The  mea- 
sured resistance  of  the  Cable  when  the  latter  is  laitl,  divided 
into  tfie  losistjince  at  75°  dves  a  coelhcient  which  in  the 
above  Table  mrresponds  to  the  temperature  of  the  conductor, 
that  is  of  the  iSea. 
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The  reduction  to  75*"  of  the  Insulation  (dielectric)  tests  is 
effected  by  the  following  table : — 


rA'BLB  B35.--DlVIBlNa  CO£FFICI£KTS  FOB  COSB£OTIKG 
THE  OBBEBYED  BESISTAimS  OF  GtrTTiJ-FSBOHiL  AT  ANY 
TEUPEBATUBE  TO  75^  ¥ 


Temp. 

•  TP 

Coeff. 

Temp, 
« iji 
r. 

Coelf. 

■ 

Temp, 
r. 

Coett'. 

Temp, 
r. 

Coeff. 

Temp. 

Coeff. 

•mo7 

on 

ooo# 

f  u 

1  VSmO 

DU 

IV  »' 

f 

Dal  u 

1*rk1Q 

J. 

fi*Q51 

Ov 

7ii 

/  i>  /  o 

1  fr/o 

u  Of  fl 

7»99n 

••■I  "is '4 

7W«% 

/l>Uu 

iio  V 

I  llOif 

MO*' 

4o  •) 

7*riO() 

OO 

••^799 

7S 

1  you 

Do 

oo 

^•f{l9 

*o 

7*7tn 

1  1 

O  1 

i>  O '  •  1  > 

77*  "i 
lit) 

1  flTlF 

TCI  0 

0  V'»'t> 

R7 

O  1 

77 

fi7 

1  'ft*!? 

1  OOf 

i.7 

K-406 

•11  71 

on  *w 

ft*7H9 
0  •  0^ 

0'» 

7<t 

DO 

1«QQ9 

8o'5 

•4501 

75-5 

65*5. 

2-051) 

55-5  , 

4-405 

45'5 

9422 

on 

7^ 

I-oOo 

55 

4*575 

84-5 

•48r>(; 

74-5 

l^OHl) 

64^5 

2-222 

54*5 

4-758 

44-5 

1017 

84 

•r>044 

74 

1-07J» 

64 

2-808 

54  . 

4*987 

44 

10-56 

88-5 

•5240 

73-5 

M21 

68-5 

2-897 

58-5  ! 

5*128 

18-5 

10*97 

•5448 

78 

1-164 

68 

2-490 

58 

5-827 

48 

11*89 

82-5 

•5654 

72-5  , 

1-20') 

(;2-5 

2-587 

52*5  j 

5*588 

42-5  1 

11-84 

82 

.)«S  ( .> 

l:'.! 

1  -256 

62  I 

2-()87 

52  ' 

5-74S 

12  ' 

12*2'.) 

Sl-5 

•()1()0 

/  1'.)  1 

l-8()5 

()l-5 

2-792 

51-5 

5-970 

41-5 

12*77 

SI 

•«887 

71  ' 

1855 

61 

2-899 

51 

6*202 

41  i 

18*27 

80-5 

1 

•(1582 

70-5 .1-408 

60-5 

3012 

50-5  lG-442 

■t.  ..  •  . . 

40-5 

13-78 

I 

Example. — Thu  iii.sulation  resistance  at  62"  F.  of  a  wire 
insulated  with  gutta-percha  is  500  megohms  ;  what  is  the  re- 
sistance at  75"^  F.  ? 


Kesistaacess  500-^2-^87 = 186*1  megohma 

,    Taolt  Testing. 

B lacier' is  Method, 
Insulate  further  end  of  line  and  measure  resistaace  I* 
:^ut  farther  end.  of  line  to  earth,  and  measure  resistance  l^. 

Eesistancc  of  line  when  good=:L,  :  * 

Besistance  up  to  fanlts/^  -  V(^"^i) 
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Overlap  Metlwd. 

Measure  resistance  I  from  station  A,  station  B  insulating. 
Measure  resistance    from  station     station  A  insulating. 
Besistaiice  of  line  when  goods? Ii» 
Resistance  up  to  fault  from  station  A='^"^^"^  V 


M%rmy^9  Loop  Methods 

 n  


Fio.  84. 

C  P  faulty  line.        B  P  good  line. 

All  plugs  to  be  inserted  between  3  and  Cftidso  plug  between 
A  and  D. 

\10, 100,  or  1000  plugs  (aceording  to  length  of  loop)  to  be 
taken  out  between  A  and  0. 

Lcft'XvAwd  key  to  be  held  pei-manently  down,  ri^ht- 
liand  key  to  be  manipulated. 

I)  B  to  be  adjusted  till  equilibrium  is  produced. 

d 

Kesistar^ce  from  C  up  to  fault =L^^^, 

L  =  total  resistance  of  entire  loop  (measured  by  bridge,  page 
resistance  unplugged  in  A  B. 

i=        n  1)         «  ^  B. 
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607 


"Parley^*  Loop  Method, 


JBarth 


E  P.  faulty  line. 


Fio.  85. 

C  P  good  line* 


10, 100,  or  1000  plugs  (according  to  length  of  loop)  to  be 
taken  out  between  A  and  B  and  between  B  and  C. 

^^^A^-hand  key  to  be  held  permanently  down,  and  le/t^ 
hand  key  to  be  manipulated. 

D  E  to  be  adjusted  till  equiiibriam  is  produced. 

hh  -  ad 


Kesistance  from  E  up  to  fault  = 


L  =  total  resistance  of  entire  loop.  C^eat^iued  by  bridge, 
page  51)9). 

as  reBistanee  unpinned  in  B  G. 


ZndnotiTe  or  ^Mta^oilatio  Capacity. 

.Inductive  capacities  are  measured  by  oomparinjr  the  dis- 
charge  from  a  standard  condenser  witli  the  discharge  ftomtiie 
insulated  wire  whose  capacity  is  required ;  tlie  capacities  will 
be  in  direct  proportion  to  the  discharges  if  the  latter  are 
mea^nrsi  on  a  Tnomsda  reflecting  g^Taaometor. 
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Inductive  capacity  of  a.  wire  insulated  with  gutta-pexcha 
•170 

s    — m.  farads  per  knot,  approximately. 

log.  J 

„  Btatate  mile 


where  D~  diameter  of  insulating  material, 
dtsi      „  'eonductor. 


»  mm 


For  india-rubber  the  valueb  arp  about  10  to  15  percent, 
less. 

Specific  inductive  capacity  of  the  material  with  which  i 
Avii<e  is  insulated,  Z.^^.,  the  capacity  of  Ik  cube  knot, 

^""^ 

where  K=?C9'pacity  in  microfarads  per  knojb.of  the  insuUted 

yrire.  ,  '       -      ,  ' 

.         .     •         ....  1    •/.«.*  • 

.  Induetive  i^apacity  of  an  atrial  line    .  i  • 

=  m.  farads  per  statute  mile,  approx. 

log. 

where      diameter  o€  wire  in  mils. 

*       height  of  whe  above  gix)und,  also  in  mils. 


£lectn>-€hemistry.. 

One  ampere  of  current-d^om poses  •O0009324:  gramme  ' 
water  per  second,  liberating  '000010384  gramme  of  hydrogen 
and  *0000828(ii4^ramtte'^f  H)9i(yg^&/i  '^^  r/i.to.i^r-i, 

-  C  amperes  of  current  in  T  seconds  will  thaiow  down  OJf  depfr 
sitfromasoiutiQuof  any  salt^f  ametal  -  . 

•  Cffl?  grammes,"  or'" 'OT^  grains,    '  •  • 

where  a  aud.^arto  the  valuesi  ghrdtt  in  tbeioUowiug  TiOiki' 
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Table  Sd6.— Values  oF-^'^fRD-^,  Eleotbo-ohemioal 


»               If          •                                            t ' 1^  1      b  . 

J       •  •        '  r.                1  i 

^  ■      •  •..11 

'                  '                                •  . . . .  4 1  :  - 

a 

(grammes).' 

(grain*): '^^ 

Hydrogen  .  , 

•000010384 

•0001602o 

Aluminiuni  *..      .      .      .  '  . 

•00009440 

•0014582 

Magnesium       ,       ,      .  '. 

•00012480 

•0019182 

Iron  (feme)       ,      .      .  . 

•00019350 

•0029869 

„    {Fcrrmx)  ,      •      ;  . 

'00029035 

•0044SOS 

bodium.      .      •      •      ^  . 

•0002387.^ 

•00308 12 

Nickel  

•0003042J) 

•00469;>3 

im  (Stannic)       ,       »       .  , 

♦00030581 

•0047085 

„    (^Stunntniii)  .... 

'0006116:2 

'0094SS7 

Copper  (Cupric)  .       .      .  . 

•00032701) 

•0050478 

„     (^Cuprous)  • 

'00065419 

'0100960 

Ziinc      .              ,       .       ,  . 

'  -00033696 

•00.  > 2001  ' 

Potassium .      ,      .       .  . 

•00040539 

•00(V>.)G1 

Gold     '.        .  •  '  .        .        ;  . 

•0O0G7911 

•0104800 

* 

Mercury  (Mercuric)  . 

•00103740 

.0160100 

'00307470 

•0820170 

Lead                         *  .  ; 

•O0lO71(;o 

•0165370 

iSilver   •      •    •  •   "  .      .  . 

'"•OOliibOO 

•0172540 

.  .•»  •    -  -  »'     r  »  /j;  -     1 1  1    \\\   •  -> 

'     4  rw  J  1    ; ( i 

A'k   *'     *  . 

.    ,  Prinuuy  BattexiQ9«         .  . 

A  current  of  1  ampere  for  1  hour  in  a  primary  battery  will 
dissolve  1*213  grammes =18*72  grains  of.  zinc  in  each  ccU^  pro- 
vided there  is  no  local  action.  . 

Quantity  of  zinc  consumed  ii^  a  primary  battery  per  horse- 
power-hour 

E 

M where  E  is  the  electromotive  force  of  the  battery. 

Quantity  of  any  metal  (used  as  the  positive  plate)  consumed 
in  a  primary  battery  per  horse-power-hour 

where  a  is  the  value  given  in  the  foregoing  table. 

Weight  for  weight  primary  batteries  contain  a  much  greater 
8torf^  of  energy  than  Acmmvlators,  but  the  energy  beinsr 
produced  by  the  combustion  of  zinc  and  the  decomposition  of 
adds  is  more  ezpensiire  to  obtain.     •  • 


E  B 
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The  1  artiest  size  accumulators  (Electric  Power  Storage 
Company)  have  a  capacity  of  6f)0  ampere-hours,  and  weigh, 
when  charged  with  acid,  265  lbs.  The  acid  (acidulated  water), 
weighs  73  lbs.  ;  the  approximate  outside  dimensions  of  the 
glass  cells  are, — length,  18^  inches  ;  width,  11 J  inches ; 
height,  13|  inches;  height  over  all,  15f  inches;  eacli  cell 
contains  31  plates.  Tlie  cells  are  charged  with  a  current  of 
from  no  to  <)()  amperes,  and  discharged  with  a  current  not 
exceeding  GO  aiupei-es.  The  smaller  cells  are  rather  heavier 
in  proportion. 

Taking  the  plates  alone,  each  1  lb.  weight  of  plates  will 
store  about  30,000  foot-pounds  of  energy. 

The  acidulated  water  contains  25  per  cept.  of  sulphuric 
acid. 

The  cells  should  never  be  left  standing  uncharged,  and 
should  not  be  discharged  to  more  than  |rds  of  their  capacity ; 
they  should  not  be  discharged  beyond  the  maximum  rate  for 
which  they  are  designed,  ?>.,  a  cell  which  is  intended  to 
discharge  at  a  maximum  rate  of  60  amperes  should  not  be 
worked  at  70  amperes  as  this  would  tend  to  spoil  the  cells. 

About  80  per  cent,  of  the  charge  can  be  obtaiued  by 
discharge  if  the  cells  are  in  good  condition. 

The  electromotive  force  of  accumulators  averages  2  volts, 
though  the  force  is  slightly  higher  when  the  cells  are  freshly 
charged. 

The  charging  electromotive  force  should  not  exceed  the 
electromotive  force  of  thQ  accumalator  by  more  thau  5  per 
cent. 

If  E  =  the  full  electromotive  force  of  the  charging  dynamo 
and  C  =  the  current  passing',  the  total  rate  at  which  work  is 
being  expended  on  the  charging  is 

JiC  Watts  ; 

a  poTtion  of  the  work  is  wasted  in  heating  the  accumulator. 

The  actual  rate  at  which  work  is  being  acbhmnlated  iu  the 
accuniulatoi' isi  - 

B'  0  '  •  •    '  *  . ' 

where  is  the  eleciatanotive  force  at  the  accamulator 
terminals  when'  tJie  latter  are  dieemneeted. 

In  the  use  of  aGoumuhiton  there  is  .first  a  loss  in  charging, 
the  loss  being  due  to  waste  in  the  dynamo  and  waste  in  the 
accumulator:  there  ia  also  waste  in  the  accumulator  in 
discharging  partlyjlue  to  heating  and  partly. to  local  action. 

It  is  more  economical  to  .charge  accumulatorB  with,  a  weak 
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cnirent  continiiecl  for  a  lengthened  period  than  with  a  strong 
current  for  a  short  period* 

The  ledstance  of  an  a^scumulator  (when  discharging)  is 

where  is  the  electromotive  force  on  open  circuit,  and  the 
electromotive  force  on  closed  circuit. 

The  accumulator  cells  should  be  kept  in  as  drj  (but  not 
warm)  a  situation  as  possible. 

For  charging  accumulators  a  slmrU  wound  dynamo  must  be 
used. 

Cumnt  Indnotion* 

If  ^  =  electromotive  force  set  up  in  a  rectilinear  condactor 

of  lei^th  I  moving  ;throag]i  a  magnetic  field  of 

intensity  Ht 
r  =  velocity  of  moving  condactor, 
a  =  angle  the  conductor  makes  with  Ihe  lines  of  force, 
^  =  angle  between  the  direction  of  motion  and  the  direc*- 

tion  of  the  force  exerted  betiween  the  magnetic 

field  flind  the  conductor ;  then, 

e  =  Klv  sin  a  cos  (p. 

If  the  conductor  is  at  right  angles  to  and  moves  so  as  to  cut 
the  lines  of  force  at  right  angles  (in  which  case  sin  a  cos  ^ 
each  equal  1),  then  1  Gauss  is  the  strength  of  field  in  which 
a  length  of  one  milliott'cenlMnetres  of  wire  moving  with  unit 
velocity  (1  centimetre  per  sec.),  develops  1  volt  of  electro- 
motive force  =  100  time-s  the  strength  ot  l  C.  G.  B.  field.  ' 

The  strongest  field  of  a  dynamo  m^fipetiaatiqatTlOO  Gausses 
=  100  X  100  =r  10,000  C.  G.  S.  units.'  "  ' 

1  0.  G.  S.  magnetic  field  has*  1  line  ot^ittte^  peiZi'Nsquaie 
centimetre.  .  » 

1  Kapp  Une  =  6,000  0.  G.  S.  lines.  *  * 

'1  '  ^,  •  „'  fiisr  square  4nah  at  930-4%  0/ij9/lihe$  per  square 
centimetre.  .  .  . 

A  magnetic  field  whose  strength  is  l6o  Gausses  contains 

"1^—5  ss  10*75  Kapp  lines  per  square  inch. 

Tim  Kapp  l|ne  was  proposed  as  a  ^tiitable  factory  unit 
because  the  revolutions  oil  dynamo  armatures  are  usually 
reckoned  per  'minute  instead  of  per  second  (60  sfecs.  = 
1  minute),  and  also  by  dividing  by  100,  the  units  expressing 
the*numl)er  of  magnetic  lines  are  brought 'to  numerical  values 
easily  dealt  with,  and  remembered.        i  .  ^  -  >'  *    -  >• 

R  K  2 
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DYNAMOS. 


The  Series  Dynamo. 


Fio.  86.~Series  Wound.       .  .    ,       ,  ' 
-  < 

If  B  =  external  resistance.  . 
r.  =  resistance  of  armature. 

=3  resistance  of  field-magnet  coils.  .  >  . 

E  5=  electromotive  force  of  machine. 
e  =  potential  difference  between  terminals  of  machine. 
c   =  current  strength; 


Ratio  of  useful  electric  energjj 
in  external  circuit  to  tot 
energy  develop 

may  with 
Series  machi 
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1 


f 

«  I 


:  s  Ii. 


1 


Fio^  ^7.— Shunt  Wound. 


If  R  =  external  resistance, 
r»  =  resistance  of  armature, 
r,  =        „  field-magnet  coils, 

B  =  electiomotiye  force  of  utiUcMhe, 
e  =  potential  difference  betw:e^  JtozininalB  of  machine, 
c  s=  current  in  external  circuiti 

=       ,1     „  armature, 
Cm  =      „    „  field-m^^t  coil^i  . 

^  =  <j  R  =  r«     =c  BL*-  in     +  a) 

a    (r.  +         V.  :^  e  r.(  ^  +  i  +  i  ) 
V      R  +  r,/  \B  r,  r,/ 

ft 

Ratio   of   useful   electric  energy  j      ,        0*  R 

available  in  external  circuit  to  >  = — =  

total  energy  developed  )    C*  R  +  c,^  r,  +  c^^  7\ 

•  * 

In  order  that  a  shunt  dynamo  may  give  in  the  external 
circuit  as  much  as  90  per  cent,  of  its  total  electric  energy  the 
resistance  of  the  shunt  must  be  at  least  36:1:  times  as  great  as 
that  of  the  armature. 
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Piacticallj  the  anni(«ii^^lee8isltti»K^  fliiqr  be  made  ^th  of  the 
external  resistance,  and  the  shunt  redstance  20  times  as  great. 

Shunt  machines  are  used  for  charging  accumulators  and  for 
electroplating. 

Separately  Bzeited  Bynanos. 


If  R  ; 

S  : 

e 


external  resistance,    '   "  *' 
resistance  of  field-magnet  coils,  ' '  ' 
electromotiTe  force  of  machine, 
current  in  extetxi&l  circuit, 

„  field-magnets, 


in  e?cternal  drcuxf-i  to  total  energy  >  =  

J     c-*  jU  -t-  r. 


* 

Ratio  of  useful  electric  energy  available  j 
in  epctern 
developed 

This  gives  the  distribution  of  the  energy  as  far  as  the 
^achiuc'  itself  .18  concerned,  but  there  is  also  a  loss  of  energy 
in  the  dynamo  used  for  exciting  the  field  magnets  which  musi 
be-taieen  intoacoouttt'  This  exciting. dynamo  may.  be  used  tu 
'*xcite  the  field  magnets  of  several  dynamofi.  • 
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Fig,  8i^.— CviupQunU  Wound. 


It'  U  =:  external  resistance. 
•  .  r«  » lasidttnoe  of  armature. 

r.  =  „  field-magnet  slmnt  coils. 

e  =  cmveut  in  •external  circuit. 

=:      „    ^.Armattm  coils*. 

=  >,  dmui...    •  „ 

^m=      n    w  series.,     „  . 

Ratio  of  useful  electric"! 

energy  available  in  ex- 1  _  r>  R 

ternal  circuit  to  total  1  ~  c^  Si  +  +  c  i  r»  +  Tm 

energy  deyeio^ed^  J 

r.  should  be  from  1,000  to  1,500  times     and  Vm  about  two- 
thirds  r».  ■•  .  • 
»   *  *  •  ' 

Compound  machines  enable  a  constant  potential  to*be  kept 
at  their  t^rminala  irrespect^e  of  the  work  to  be  done  in  the 
external  drciiit.  Tbi6  is  required  in  tbi^  cuae  o^  an  installation 
of  incaiiil0Bcent'lanape« 
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Alternfttiiig  Cmrent  DynamoB. 

If  E  =  electromotive  force  after  time  t. 

C  =  current  „  „ 

T  =  lialf  period  of  a  complete  alternation. 

t  =  time  from  the  instant  at  which  the  electromotive 
was  zero  when  chan^ng  from  the  direction 
reckoned  as  negative  to  that  reckoned  as  positive. 

K  =  a  COD  Stan t. 

o  =  f-J*  . 

ltCm  =  mean  cnrrent;  dutiag  the  time  T. 

I 

When  an  alternating  current  passes  through  a  wire,  L,  the 
resistance  due  to  the  self -induction  in  the  wire  whose  obmic 
resistance  is  B  and  acLf^induction  L  is 

If  C  be  the  current  indicated  on  an  electro-djnamometer 

Watts  consumed  in  lamps  J     ^  ip  V> 

worked  with  alternating  v  =  ^-  — 

currents  )     V^*  + 

Where  A  =  mean  cnnent  meaBtti:^  on  an  eleetro-djnama* 

V  =         pottotial  at  tenninal  of  lamps. 
r  =  ohmic  resistaintitt'oii^lmpiThe^dMytP' 
I  =  coefficient  of '6^-iildtiekiw..e 
T  =  half  period  of  arCompleteiUlteTnation. 

Effioieney  of  Dynamos. 

Electrical  energy  in 

•  1  m  .  external  current. 

Commercial  emciency  =  — wj. ,:.  l  ■  • — x — - — — 

^    '    I  Meii^hiEmical  energy 

applied' fti^^Aj^lii^^ 
•       Efficiency  of  conversion  =  -^^^^^  electrical  enercry., 


Median icaJ  enei'irv  v 

«  * 

applied  at  dynamo. 
v¥Jeqtyical  energy  in 
Electrical  efficiency     -  :„,,  j6xtemal  circuit. 

Total  electrical  energy,,. 
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The  insulation  of  the  various  parts  of  a  dynamo  is  a  point  of 
importance  ;  in  particular,  measurements  should  be  made  of 
the  insulation  resistance  between  the  terminals  of  the  machine 
and  its  metal  bed-plate,  and-  betweeu  the  segments  of  the 
collector  and  the  axle. 

In  order  to  determine  the  efficiency  of  a  dynamo,  measure- 
ments should  be  made  of  the  horse-power  expended  at  the 
pulley  (which  may  be  done  by  means  of  a  Prony  brake)  and 
of  the  energy  of  the  electric  currents  given  out.  A  good 
djnamo  should  have  a  commercial  efficieacy  of  at  least 
50  per  cent,  "       •    '      -  -  •  

Transformers  are  used  for  reducing  the  high  potential  from 
a  dynamo  to  a  low  potential  for  wgrklng  the  lamps,  the 
electric  power  being  transmitted  more  economically  at  a  high 
than  a  low  potential,  as  conductors  of  small  diameter  can  be 
used,  whilst  the  danger  of  a  high  potential  in  the  consumers 
houses  is  avoided. 

The  eliiciency  of  a  good  transformer  at  full  output  is  about 
96  per  cent,  and  at  one-third  output  90  per  cent.  The  weight 
of  a  transformer  varies  from  15  to  50  lb.  per  horse-power 
according  to  the  size  and  type. 

The  rate  of  alternation  of  the  current  in  a  transformer 
varies  from  about  50  to  130  complete  alternations  per  secondl 
Each  type  of  transformer  has  its  best  rate  of  alternations  to 
give  the  highest  efficiency  ;  if  this  rate  is  exceeded  or  reduced 
an  abnormal  rise  of  temperature  takes  place. 

Transformers  are  usually  made  to  transform  from  a 
potential  of  2,000  volts  or  1,000  volts  down  to  100  or  to 
50  volts.  ' 

Great  care  must  be  taken  in  the  construction  of  trans- 
forme  to  avoid  any  leakage  from  the  primary  to  the 
secondarv  circuit. 

The  following^^gives  dipiensiapa.  &a,  ot  a  Westinghouse 
transformer;—    ^ 

•  4Mamry  cttrtetit,  V&  ad^^ea  ai  1,006  i^to.       '  ^  '  *    '  *  ' 

Outside  dimensions,  20  x  6  x  4  inches. 
Weight  of  primary  wire,  5   lb,  gauge,  35  mils,  .• 
secondary      5^  ,y     „   120  > 

The  secondary  wire  is  divided  into  2$  sections  joined  in 
parallel. 

Weight  of  iron,  50  lbs. 

Efficiency,  97-2  per  cent.  (?). 
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.  XLECXBU;  Lum. 

Are  Zampi. 

If  L  =  lighting  power. 

C= current.  I 

.     ItilOO  {  C  +        j  -200  I 

4^  Ifunps  iac  a  giyen  expenditare  of  energy  give  «iM 
7  times  the  power  of  an  incandescent  lamp. 

If  Z= length  of  arc  in  millimetres. 
E^electromotiye  force  betweenJtbe  carbons. 
C  =  current  flowing. 
R:=  resistance  of  arc. 

•i  * 

In  an  arc  lamp  the  top  or  positive  carbon  bams  abod 
laches  per  bouc^and  twice  as  fast  aa  the  bottom  or  negitir^ 
carbon. 

A  1000  c.p.  lamp  requires  carbons  about  ^ths  inch  i: 
diameter ;  it  is  usually  run  at  a  potential  of  50  volts,  aoi 
takes  about  10  amperes  ;  the  power  required  is  about  1  horn, 
Arc  lamps  are  usually  run  in  series.  i 

Tncande9cenc0  Lamps,  . 

A  16  c.]).  incandescent  lamp  is  usoally  run  at  a  puicotii 
ui  lOU  volts,  and  takes  '5  ampere,  t.*;.,  requires  a  power  of  i 
little  over  3  watts  per  candle. 

1  indicated  borse-power  will  ran  8  incandescent  lamps  oi 

10  c.p.     .       r  "    .  "     ,  •  . 

.  Incandescence  lamps  are  usually  run.- in:  multiple  arc. 

'       '         BinUBB  m  iBSaVLATXOHS 

Of  the  Institution,  of  Ele^trioal  Engineers  for  the  Preyentios 
of  Fire  Bilks  .furidag  ftm  Bleotrie  Lighting  (IM). 

"  Conductors, 

1.  They  must  have  a  sectional  area  and  conductivity  so 
proportioned  to.  the  work  they,  have  to  do  that,  if  double  the 
current  proposed  is  sent  through  them,  ^e.  temperature  of 
such  conductors  shall  not  exceed  150°  F. 

2.  The  e(;nfluctors,  or  their  casings,  should  be  placed  in 
sight  if  possible  ;  and  they  should  always  be  as  accessible  ss 
circumstances  will  permit. 
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*  3.  Within  bnil dings  they  should  all  be  insulated  ;  and  this 
rule  applies  equally  to  all  conductors  and  parts  of  JGlttiiigs, 
which  may  have  to  be  handled.  •   *"  'f 

.4.  Whatever  insulating  material  is  employed,  it  should  not 
soften  until  a  temperature  of  170**  F.  has  beeij  reached,  and  iu 
all  cases  the  material  must  be  damp-proof.  '   *•  '  - 

5.  When  leads  pass  through  roofs,  floors,  walls,  or  partitions, 
and  where  they  cross  or  are  liable  to  touch  metallic  substances, 
such  as  bell  wires,  iron  girders,  or  pipes,  they  should  be 
thoroughly  protected  by  suitable  additional  covering  ;  and 
where  they  arc  liable  to  abrasion  from  any  cause,  or  to  the 
depredations  of  rats  or  mice,  they  should  be  encase^  in.sDme 
suitable  hard  material.      '  •     **    '  ' 

6.  In  the  case  of  portable  fittings  with  which  flexible  leads' 
are  used,  special  precautions  must  be  taken. 

7.  Conductors  should  be  -  kept  as  far  apart  as  circumstances 
will  permit,  the  spacing  .between  them  being,  governed  bj 
their  potential  difference.     '     *!        \  '  '  /*  - 

'8.  When  conductors  are  carried  in  very  ^inflammable  struc-i 
tures,  precautions  should  be  taken  to  isolate  them  therefrom. 

?.  Conductors  which  are  protected  on  the  outside  by  lead, 
<)r  metallic  armour  of  any  kind,  require  the  greatest  care  in 
fixing,  on  account  of  the  large  conducting  surface  which  would 
become  connected  to  the  core  in  the  event  of  metallic  contact 
between  them.  .   .  •' '       *     '    ,  ' 

"10.  In  cases  where  'conductors  pass  into  a  building,  fi-om 
otie 'Building  to  another,  or  fruni  one  room  to  anotlier,  precau- 
tioni' Should  be  taken  to  preveut  tlie  possibility  of  Are  orwatec 
passjue  a^ong  the  cpurse  of  tiie  conducturs.    "    *  "  ' 

11.  All  joints  must  "be' mechanically  and  electrically  perfect, 
to  prevent  heat  being  generated  at  these  points.  When 
soldering  fluids  are  used  in  making  joints,  the  latter  should  be 
carefully  washed       dried  before  insulation  is  applied. 

12.  Under  all  circumstances  complete  metallic  circuits  must 
be  employed,  CraSjSnd  Wftter  pipes  must  never  form  part  of 
the  circuit,  as  their  joints  are  rarely  electrically  epod  and 
therefore  become  a  source  d£  danger.  : .  i  •    • .  

'13.  Overhead  conductotB.  Vhethef  passing  over  or  attached 
to.  buildings,  must  be  insulated  at  their  points  of  support 
frecitttionsmustbetaa^ntobbtiateall  risk  of  short-circuiting 
where  they  are  likely  to  touch  a  building  or  other  overhead 
conductors  and  wires,  either  by  their  own  falling  or  by  being 
fallep  iipon  by  other  conductors. 

14.  In  the  case  of  overhead  vdres.  every  main  shiiuld  have  a 
lightning  protector  at  each  point  where  it  eutcis  or  branches 
into  a  building.  -  '  ' 

15.  Metal  fastenings  for  fixinir  conductors  should  be  avoided  ; 
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but,  when  unavoidable,  some  additional  covering  should  pr- 
tect  the  conductor  from  n;iechanical  injury  at  such  f\ii\ 
points. 

16.  The  insulation  of  a  system  of  distribution  should  besud 
that  the  greatest  leakage  from  any  conductor  to  earth  (and 
in  case  of  parallel  working,  from  one  conductor  to  the  other, 
v^hen  all  branches  are  switched  on,  but  the  lamps,  motors, 
removed),  does  not  exceed  one  five-thousandth  part  of  the 
total  current  intended  for  the  supply  of  the  said  lampr;. 
motors,  &;c. ;  the  test  being  made  at  the  usual  working  electro- 
motive force. 

17.  It  will  often  be  found  a  great  convenience  and  assi^i- 
ance  in  the  prevention  of  accidents  if  the  positive  lead 
coloured  differently. to.  the  negative  or  made  otherwise  dis- 
tinguishable. 

18.  Every  switch  or  commutator  should  be  of  such  construc- 
tion as  to  comply  with  the  following  condition,  namely:— 
That,  when  the  handle  is  moved  or  turned  to  and  from  the 
positions  of  on  "  and  "  off,"  it  is  impossible  for  it  to  remain 
in  any  intermediate  position,  or  to  permit  of  a  permanent  arc, 
or  heating. 

19.  The  handles  of  every  switch  must  be  completely  insu- 
lated from  the  circuit, 

20.  The  main  switches  of  a  building  should  be  placed  as 
near  as  possible  to  the  point  of  entrance  of  the  conductors,  or 
to  the  generators  of  the  current  if  they  are  within  the  building 
itself.    Switches  should  be  provided  on  both  leads. 

21.  Switch-boards  should  bear  clear  instructions  for  their 
use  by  the  inexperienced. 

22.  Switches,  commutators,  resistances,  bare  connection?, 
lamps,  c^c,  must  be  mounted  on  incombustible  bases.  Cut- 
outs mounted  on  bases  of  wood  rendered  uninflammable  are 
admissible..  Vulcanite  bases  are  undesirable  in  damp  situa- 
tions. The  cracking  of  porcelain  and  earthenware  fittings  is 
a  source  of  danger  which  can  be  avoided  by  precautions  in 
fixing.  '  "  '  .     . '  *  . 

23.  All  circuits  sliould  be  protected  with  cut-outs  ;  and  all 
leads  from  the  mains,  or  small  conductors  from  larger  cues, 
must  be  fitted  with  cut-outs  at  their  branching  points. 

24.  Where  fusible  cut-outs  are  used,  the  section  should  be 
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siitiU;ed  Mthin  its  .finittief'tbat  th^'fased  metdl  catmot  fall 
'where  it  may  cause  a  short^circait  '*  or  an  ignitioiu 

25.  For  all  main  conductors. a  cut-out  should  be  provided 
±OT  both  the flo^  and  return,"  and  the  two  fusible  sections 
must  not  be  in  the  same  compartment 

2j5^  The  flexible  leads  of  portable  £tting8  must  in  all  c^ses 
1)6  prOteCited  by  cut-outs  at  thdf  fixed  points  of  c6nneetion. 

27.  Arc  lamps  must  always  be  guarded  by  lanterns  or  netted 
g-lobes,  so  as  to  prevent  danger  from  ascending  sparks  and 
from  falling  glass  and  incandescent  pieces  of  carbon. 

28.  All  parts  of  the  lamps  and  lanterns  which  are  liable  to 
be  handled  (except  by  the  peisons  employed  to  tiim  them) 
ahoold  be  insulated. 

29.  The  armatures  and  field-magnet  coils  should  be  tho- 
roughly insulated.  Dynamos  should  always  be  fixed  in  dry 
places,  and  they  must  not  be  exposed  to  dust  flyings  or  other 
industrial  waste  products  carried  in  suspension  in  the  air. 
They  should  not  be  permitted  in  the  working-rooms  of  mills, 
where  the  liability  to  such  dangers  exists,  or  where  any  in- 
flammable manufactures  arc  carried  on  or  inflammable  ma- 
terials are  stored. 

30.  Motors  should  be  subject  to  the  sanie  conditions ;  but 
when  it  is  necessary  to  use  them  in  positions  such  as  those 
above  referred  to,  they  must  be  securely  cased  in,  such  cases 
having  a  non-combustibic  lining. 

Batteries. 

31.  Both  primaiy  and  secondary  batteries  should  be  placed 
and  used  under  the  same  precautions  as  prescribed  for 
dynamos  ;  and  the  room  in  which  they  are  placed  should  be 
well  yentilated.  The  batteries  themselves  must  be  well  insu- 
lated* 

jPmm(fom0nm'M  ^  '»•  .  • 

32.  When  these  are  used  to  transform  either  direct  or  alter- 
nating currents  of  high  electro-motive  force — that  is,  from  or 
to  an  electro-motive  force  of,  say,  200  volts — they,  together 
with  their  switches  and  cut-outs,  must  be  placed  in  a  fire-  ai  d^ 
moisture-proof  structure — preferably  outside  the  building  fi 
which  they  are  required.    No  part  of  such  apparatus  shoj 
be  accessible  except  to  .the  person  in  chargq  oi  th^}^  m 
tenance. 

33.  In  all  cases  conductors  conveying  currents  of  ^ 
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"Olectro-motive  force  inside  buildings  must  be  spe 
exceptionally  insulated,  cased  in,  and  the  casing  mfti 
proof. 

34.  The  positive  and  negative  terminals  connected  U 
conductors  should  not  be  permitted  to  be  nearer  eaci 
than  12  inches. 

35.  Transformers  which,  under  normal  conditions  d 
heat  above  150°  F.,  should  not  be  permitted  to  remain ic 

3G.  Transformers  should  be  so  constructed  that  unoil 
(Mrcumstances  whatever  should  a  contact  between  thepd 
and  feecondary  coils  lead  the  high  E.M.F.  into  the  hvaiM 

Maintenance, 

37.  The  value  of   fiequently  testing  and  inspects 
apparatus  and  circuits  cannot  be  too  strong^ly  urged  i 
precaution  against  tire.    Records  should  ,  be  kept  of  all  if 
so  that  any  gradual  deterioration  of   the   svstem  imt 

detected. 

HS.  Cleanliness  of  all  parts  of  the  apparatus  and  fitti-T' 
esseiitial  to  a  good  maintenance. 

No  repairs  or  alterations  must  be  made  when  thecu-* 
is  *'  on."  ly- 

Three-Wire  System. 


6  6  6  6  6 


6  6  6  6  6 


Fir:.  00. 

In  this  system  of  distribution,  two  equal  dynamos, 
joined  in  series,.   Three  lead-wires  are  used,  tw^o,     L,  bei'- 
of  larger  sectional  area  than  the  third,  Z.  or  centre  lead.  Ti^' 
advantage  of  the  arrangement  is  that  the  main  lead5^^  '  ' 
smaller  than  wouUl  be  the  case  if  a  single  dynamo  wcreu-^- 
and  all  the  lamps  were  in  parallel,  whilst  by  the  addition 
the  third  or  centre  wire  the  breakage  of  one  or  mure  l3E[- 
does  not  cause  the  extinction  of  the  other  lamps  with  whici 
they  are  in  series,  the  continuity  of  the  current  being  kept  nj 
by  the  centre  wire. 
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et  E  =  electro-motive  force  of  dynamo. 
t^m»      e^badL  ^ctTO-motiye  force  ot  motor, 
ii' ;  %     V= potential  di&rence  between  terminals  of  dyiianio. 

i    V=         -         „  „  „       motor.  I 

r,  m  J       :=  Kesistance  of  dynamo. 

if : '    Wi=s mechanical  work  put  into  dynamoL 

Wj= electrical      „    given  out  by  „ 
tt\  =  mo.chanical    „    taken  out  of  motor 
-  ;      to, = electrical  put  into  „• 

'  nTj^r  „  •  available  1ir 

nr.  e=:\-Cr,^ 

tt?,=Cy  watts 

^  .  tl^,=  Ctf  =  C  (V  -  0/')  watts 

W^rrCE  watts 
Maximum  possible  electri- 1  . 
,  Old  efKoiency.  of  system  i  K 

Actual  electrical  efficiency = 


w 


'  Actual  mechanical  efficiency = ^ 

In  order  to  get  the  greatest  possible  efficiency  the  valije  6£ 
0  should  be^  large  as  possible,  C^.,  the  motor  should  xnn  at 
as  high  a  speed  as  possible,  and  in  order  to  get  as  much  pfwer 
as  possible-  with-  high  efficieucy  ^  should  jbe  as  larg<  '^s 
possible*  c 

The  greatest  amount  of  work  is  got  out  of  the  motor  v  l£§n 

B 

it  ruus  at  such  a  speed  that « ^  -  .  But  in  this  case  the  effici- 

ency  is  only  50  per  cent.,  only  half  the  power  given  (At 
by  the  dynamo  generator  is  utilised  in  the  motor^  li^the 
motor  runs  at  a  higher  speed,  the  work  it  does  bee<Mnes  ile^, 
but  its  efficiency  increases.  When  the  speed  becomes  Buch 
that  e  nearly  equals  S,  the  woiic  done  is  smaU^  but  it  is  naajiy 
all  being  utilised.  ^  ^  a 
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'  "Tor  insulatin^T;  wires  iiKlia-riiLlnn'  is  ])roferable  to  ^tta 
percha,  as  the  latter  get*?  soft  when  heated.  Vulcanized  rubber 
may  be  raised  200°  without  bt  coming  deteriorated. 

A  good  electrical  and  mechanical  insulation  is  given  by 
covering  the  conductors  with  pure  india-rubber,  then  vul- 
canized india-rubber,  then  india-rubber-coated  tape,  the 
whole  being  vulcanized  together,  and  finally  covered  with 
braided  tarred  flax,  and  a  coating  of  preservative  compound. 
It  is  false  economy  to  use  any  but  the  very  best  insulation. 
For  low  tension  currents  (up  to  100  volts)  the  coverings  should 
be  such  as  to  give  an  insulation  to  the  wires  of  not  less  than 
1,000  megohms  per  statute  mile  ;  for  high  tension  currents 
(above  100  volts),  the  insulation  should  be  as  high  as  5000 
megohma  per  «tahxte  iinle.  It  should  be  distineily  UBder- 
Itood  that  shonld  the  cftble  whose.insalation  should  normsilly 
be  5,000  megohms,  test  as  low  as  1,000  m^^olmis,  it  would  not 
do  to  use  this  for  a  low  tension  circuit,  as  ^e  lowness  of  the 
insulatioBL  would  not  be  due  to  the  natrnte  of  the  insulating 
tnaterial  hut  to  a  defect  i^i  it^  wUeh  dtfect  would  be  alnobst 
certain  to  become  worse  in  time.  The  cables  should  be  test^ 
tn  water  at  75**,  after  immersion  for  at  least  24  hours,  a  battery 
of  about  400  to  500  volts  being  used.  Tests  as  to  insulation 
are  p^eetly  useless  unless  carried  out  in  a  tiiorough  manner. 

According  to  the  Board  of  Trade  Regulations,  the  size  of  the 
conductor  must  be  such  that  the  maximum  cutrent  whidi 
may  have  to  pass  does  not  exceed  2,000  amperes  per  squax^ 
inch,  the  wire  being  of  pure  copper  or  its  equivalent. 

Calculation  of  Size  of  Conductor. 

« 

To  calculate  the  size  of  conductor  required,  let— 
.     =  greatest  percent :ii^e  of  fall  of  £.M,F«  along  oondaGkx>r 
which  is  to  be  allowed, 

E  =:£.M.F.  at  dynamo  terminals, 

A = maximum  number  of  amperes  per  square  inch  wire  dan 
safely  cany, 

c  —  current  wire  is  required  to  carry  ;  • 
then  if  length  of  circuit  excerda 

A 

to  calculate  the  sectional  area  {a)  which  the  lead  must  ha/>re, 

use  the  formula  6 

a—  —      •  sq.  ms. 

X  lUU  ^ 

If  the  length  of  the  circuit  is  leas  tJuin 

jt;E  X  400 

calculate  from  the  formula  *  «=i^  ttq.  ins.  •  
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telegraph  wire.  629 
Tabl£  331).-— Hard  Copper  Telegraph  Wire. 


£Po8t  Office  Specification.) 


Weight  pel-  Statute 
Mile. 

• 

Approximate  Equiva- 
lent Diameter. 

Minimum 
Breaking 
Weight. 

Minimum 
Number  of 
Twists  in  3  Ins. 

q  «  Q 

C3  CQ  O 

Minimum 
Weight  of  eacli 
Cpilof  Wire. 

Required 
Standacd. 

Mini- 

iiinin. 

Mazi. 

mnm. 

Stand- 

;ir(l. 

Mini- 1  Maxi- 
mum, mum. 

100 
150 
200 

1 

Lbs. 
97} 
14<j| 

.  195 

t 

Lbs. 
102} 
153} 
205 

MUs. 

79 

97 

m 

1.  .1 

Mils.  Mihs. 
78   :  80 
95}  98 

110}  113} 

.  . 

Lbs. 
330 
490 
650. 

30 
25 
20 

Ohitui. 

9-1 

0-05 

4*5Q 

Lbs. 

50 
50 
50 

The  wire  mast  be  capable  of  bein^  wrapped,  in  six  turas, 
round  its  own  diameter^  unwrapped,  and  agfiin  wrapped  in 
six  tarns  roand  its  own  diameter  in  the  safme  direction  as  the 
first  wiftpping^'without  breaking. . 

When  aerial  copper  wires  arc  used  for  tclegi'aphic  purposes, 
resin  should  be  employed  as  a  flux  in  making  joints,  and  too 
much  heat  should  not  be  applied,  as  it  softens  the  wire  and 
weakiens  it»  tensile  strength  at  that  point* 

Samples  taken  from  coils  oi  the  800-lbs.  wire  should  bear 
bending  round  a  bar  2}  inches  diameter  without  any  signs 
appearing  of  the  zinc  cracking  or  peeling  off;  the  GOO-lbs. 
wire  sliould  similarly  .bear  bending  round  a  bar  2j-  inches 
iudiametei";  the  4r)U-lbs.  and  400-lbs.  wire  roiiiid  a  bar 
2  inches  in  diameter  ;  the  200-lbs.  wire  round  a  bar  IJ  inches 
in  diameter. 

Iron  Telegraph  Wire 

(page  680). 

• 

Teitt  of  Galvafilzhiff. — Take  sample  from  coils  and  plunge 
them  into  a  solntion  of  stilphate  of  copper  saturated  at  60**  ; 
allow  them  to  remain  in  solution  1  minute,  then  withdraw  and 
>\dpe  clean,  Tlie  galvanizing  should  permit  of  this  process 
being  4  times  performed  with  each  sample  without  there  being 
any  slga  of  a  raddish  deposit  of  metallic  copper  oa  the  wire, 
which  woold  be  the  case  if  the  coat^ig  of  zinc  were  too  thin. 

8^  also  pa^e  H3H. 
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Sags  and  Tensions  for  Suspending  Wires. 

Tfa^l«D8iaa  wh&a  the  taBpevatvse  Is  lowest,  r.^.,  when  the 
stmiii  is  greatest,  should  Hot  exceed  ^h  of  the  breaking 
strain.  . 

  « 

The  sfig  varies  with  the  material,  but  not  with  the  gnu^e  ; 
the  tension  vacies  directly  with  the  weight  per  foot  of  the  wire. 


8^  '       V     .«  sT 


where 


and 


Z=Bpan; 

fosweight  of  unit  length  ; 

//  =sag  (or  dip)  ; 

L=: length  of  wire  in  span  , 

jfi  ^tension ;  • 


loforiOOlbs.  iton 

„    |[50  „  copper 


100  „ 


}1 


ss  •075758  lb.  per  loot.* 
se  -028409  „ 
=  -018939  „ 


Coefficient  of  expiuision  for  iron  «= -00000683  per  deg.  F. 
Coefficient  of  expansion  for  copper  =  -00000956  „ 


Table  841.~Haos  akd  Tensions  to  be  observed  in 

EBECTING  AViRES  AT  VARIOUS  TEMPERATURES. 

•  40p.lbs.  fton  Wire  (No:  74). 


Span. 


Yards. 
lOU 

90 

80 

70 

60 

50 


Low  Winter 
Temperature. 


Sag. 


Pt  Tn. 
S  If 
2  6| 
2  Oi 
1.  .  64 

1  If 

0  9i 


Ten- 
sion. 


270 
270 
270 
270 
270 


40°  F. 
Ordinary 

Winter 
Temperature. 


Sag.- 


Ft.  Tn. 
H  9 
3  If 
2  7i 


2 
1 
1 


8 

34 


Teu- 
sioD. 


Lbs. 
227 

219 
210 
198. 
184 
165 


OS  F.  . 
Average 

Hummer 
Temperature. 


Sag. 


Ft  In. 

4  »i 

3  2f 

3  Oi 

2  61 

2  Of 

1  7f 


Ton- 
Hiou. 


20U 
190 
178 
164  . 
148 
180 


lligli  {Summer 
Temperature. 


Sag. 


Pt  Id. 
4'  Si 
4  Oi 
3  5t 
2.  lOi 
2  4f 
1  Hi 


Ten- 
sion. 


Lba. 
180 

;169 

157 

128 
110 
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150-lb3.  Hard-drawn  Copper  Wire  (No.  12  J). 


1    - »  « 

|JFt.  Ill, 

Lbs. 

Ft.  In. 

Lbs. 

Ft,  In. 

1  Lbs. 

Ft.  In. 

Lbs. 

2  8 

■•J  T 
O  i 

8*J 

4  3J 

/  4 

1  111 

4  11^ 

b4 

00 

2  2 

120 

3  1 

84 

3  9J 

69 

60 

80 

1  81 

120 

2  OJ 

80 

3  2A 

64 

3  Si 

541 

70 

1  8t 

120 

2  If 

73 

2  8g 

57i 

49 

Art 

0  Hi 

120 

1  9 

66 

2  3^ 

ol 

4.1 

50 

0  ^  ' 

120 

IH 

•  58 

1   10  ; 

44 

>  36^ 

lOO-lbs.  Hard-dra>vn  Copper  Wire  (Nc 

).  14). 

\  artls. 

Ft.  In. 

Lbs. 

Ft  In. 

hhs. 

jFt»  In. 

ia>8. 

Ft.  In. 

1  

Lbs. 

1  i\f\ 
lUu 

2  8 

80 

3  7 

.50. 

49 

4  111 

4  11$ 

43 

90 

2  2 

80 

3  1 

56 

&  '  9i 

46 

40 

80 

1  8J 

80 

2  6} 

53: 

42i 

3  8i 

36 

70 

1  3| 

80 

2  M 

49 

2  8S 

38 

3  24 

38 

60 

0.  ill 

80 

44 

2  3i 

34 

2  8i 

29 

50 

0  8 

80 

1  H 

39 

1  ;10 

.29, 

2  21 

24 

Copper  Wire. 

CimductivUy  of  Cojjjjcr  ]r/?r. 

Per<«ntage  of  conductivity  =     x  22'61 

wxk  xr 

/= length  of  wire  in  feet, 
tots  weight  bf  wire  in  grains. 
^ssSKSistaidce  of  wire  in  ohms, 
temperature  coefficient  (p.>U4)» 
J5?ar/r7/?^^'.— The  resistance  of  a  copiisc  wiifi  35  .feet  (Z)  long 
hi  weighing; 297  grains  (to),  was "'932  olm  (?•),  the  tempera* 
ure  being  68**  *F. ;  wh&t  wai  the  porcpntbge  of  conductivity 
^fthewire?'  ^  :  • 

From  Tible;  p.  604,  ^»l-ai5)  therefore 

Percentage  ofi  cbnductiyitijr  =  /^•'^  ^  ^'^  x  22  G 1 


=  98-6, 


297  X  ^  015  X  -932 

Resistance  i*/  Copjyer  Wire, 
:  Resistance  per  mile  of  pui-e  soft  copper  wire  at  eO""  F,, 

Inils.  in  diame^r  =  Ji^^^  ohm6»  ! 

L Resistance  |)er  mile  of  pure  soft  ^copper  wire  at  60**  F* 
.  eigiiing<(>lb0.=5^'£?oiim8.     .  ' 
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Weight  of  pare  soft  copper  wire  I  mile  long  having  a  re- 
sistalice  of  1  ohm  at  60''s3$72>2  lbs.  > 

Length  in  ytads  of  pure  soft  copper  wire  having  a  sectional 
area  of  a  sq.  ins.  required  to.  give  a  resistajice  of  r  ohms  at 
60'' F.ss  m  X  41,161.  tf 

?  Mength'of  n  wire;* 

a  =:  sectional  area. 

4^s=  diameter. 

to = weight. 

r  =  resistance. 

If  i       t  i  ft 

a    '  w 
Where         and  d'  .ace  tlie  4ce8i8taxicea  o£  a  wire  of  unit 
dimensions.  For  pure  soft  copper  at  60^  F.,  if  Z  is  m  feet,  a  in 
squaDe  inches,  d  in  mila  ij^th  ii^.)  and  to  in  grains  (7000 
grain$=Ilb.). 

jc=  -000008098,  ie'=10-311,  K"='21£i}. 
Th0  resistance  of  a  copper  wire  ipcreaises  about  *21  percent. 
perPF.  If  ; 

r= resistance  at    F.  * 

R = r(l  +  -0021(1  - 1)  )  approximately. 
„  =  /•(  1  0020935)^-*  more  exactly. 

Iron  Wire. 

Two  qualities  of  iron  wire  are  used  b}'  the  Postal  Telegraph 
Department  for  aerial  line  purposes,  known  as  low  resistance 
and  high  resistance  wire.  The  low  resistance  wire  may  consist 
either  of  "special  blend "  iron,  giving-  a  mean  resistance  of 
11 -8  ohms  per  mile  at  GO'  F.  for  the  standard  gauge  of  171 
mils.  (No.  7i  B.  W.  G.)  ;  or  of  charcoal  "  iron,  giving  under 
the  same  conditions  a  resistance  of  11*2  ohms  per  mile.  The 
high  resistance  wire  which  is  more  generally  used  (see  Speci- 
iication,  page  (>H())  of  the  same  gauge  has  a  mean  resist anc(;  of 
12*7 ohms  per  mile,  Imt  is  cheaper  in  price.  The  low  resistance 
iron  is  used  for  circuits  over  aljout  2(M)  miles  in  lengtli,  its  break- 
ing strain  is  rather  less  than  that  of  the  high  resistance  wire. 

1  foot -grain  of  pure  iron  has  a  resistance  of  10i)7  ohms  at 
0°C  (82     ).    ^  ■ 

1  ohm-mile  (a  wire  1  mile  long,  haying  a  resistance  of  1  ohm} 
of  pure  iron,  weighs  l^GS'Dl  lbs. 

Ditto,  low  resistance  blend- wire  weighs  \T)20  lbs. 

Ditto,  „      '  charcoal        „      1180  „ 

Ditto,  high      „  „  „  5080 

To  determine  the  resistance  li  at  a  temperature     F,  that 
(r)  at  a  temperature  f°  being  known 

'Tl=r(10027>i"*. 
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Telegraphy. 

Ctmnrrtions  of  Ajyparatns  on  the  Morse  System  adopted 
the  Postal  Telegra2)h  Department. 

Single  Current  System. 

DIRECT   WRITER  (Combination  Instrument.) 

UP  LINE  OR  E.  DOWN  LINE  OR  E. 


Fk;.  01. 

DIRECT   SOUNDER   OR  WRITER. 

DOWN  LINE  OR  E. 


UP  LINE  OR  E. 


5 

5 

O 

Digitized  by  Googl 


e 


SOUNDER  WITH  RELAY. 
DOWN  LINE  OR  E.  


1 1 


•I  - . 


UP4.»NE  OR  E^ 


FlO.  93. 


DIREOT  WRITER.   Duplex :  with  Switch. 


UP  LINE  OR  E. 


:  A>\  DOWN  LINte  OR  E  * 


lit':.  • 


Fh;.  04, 
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All  the  systems  lequire  from  15  to  "20  milliamp6res  of 
current. 

The  Direct  AVriter  Duplex  system  is  suitable  for  circuits  up 
to  about  25  miles  in  length.  The  switch  is  employed  for  the 
purpose  of  changinj^  the  connections  to  the  arrangement  for 
ordinary  working,  should  the  insulation  of  the  line  become  such 
as  to  render  a  proper  balance  by  means  of  the  Rheostat  R 
difficult  or  impossible,  and  duplex  working  consequently  im- 
possible also.  K  is  a  fixed  resistance  equal  as  nearly  as 
possible  to  the  resistance  of  the  battery. 

Table  342.— Tel&gbaph  Poles.  - 


SIZES  OK  MGHT  POLES. 

81ZKS  OF  STOUT  POLKS.  1 

Length 

in 
Feet. 

Diameter  at . 
Top.  ' 
luohee. 

'  Miuiinuiii 
1  Diameter 
1  at  5  Feet 
.  from  Butt 

End. 
1  ^nchos* 

i 

Length 

in 
Feet. 

i  ■ 

DiaiiHiter  at 
1  Top. 

« 

Minimnml 
Diameter  1 
ut  5  Feet  1 
ftom  ButtI 
End.  1 
InekjK  1 

Mini- 
mum. 

Maxi- 
mum. 

Mini, 
mum. 

Maxi- 
mum. 

18 

20 
22 
24 
2fi 
28 
30 
32 
34 
3(i 
38 
40 
45 
50 

fiO 

5 
6 
6 

6 
6 

5 

5 

">1 

H 
H 

r,3 

t> 

(i 

«  1 

5| 

5f 

5i 
6 

61 

H 
H 

7 

7 

n  ! 
7f  ; 

8 
8 

6* 
fij 
«l 
7 

71 

fi 

8 

»i 
«f 
9 

•  9} 
9f 

Hi 
12 

12* 

•  18 
20 

.  22 
24 
26 
28 
80 
32 
34^ 
3() 
38 
40 
45 
50 
55 

<  m 

H 

H 
H 
H 

6 
6 

6i 

^ 

6i 
(ii 

7 

6* 
6i 
6f 

6i 

7 

n 
n 

7} 
7i 
7i 

8 

8i 
8} 
9 
9 

7i 

8  1 

9  1 

9f 

lu  1 

lUif  1 

m  1 

13  1 

I  Telegraphic  Solder. 

Equal  parts  by  weight  of  ingot  tin  and  pig  lead. 

Materials  and  Tools  for  oonstnioting  a  SOD-Xile  Iron  Pole 

nelegrapli  line  of  1  Wire.  ;;| 

'  Maten'ah',  %1 

(),000  iron  tubular  and  conical  telegraph  poleti  attacl^d  to 
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base  pile  for  driving,  the  pole  complete  not  weighing  more 
than  100 lbs.  ;  length  overall  when  jointed  18  ft.  Length  of 
cast  iron  base  pile  aboat  4  ft,,  and  tube  about  14  ft.  0  in., 
with  slit-joint  between  base  pile  and  tabe. 

6,000  soft  iron  rings  for  caulking  into  base  plate. 

6,000  lightning  rods,  18  ins.  long,  to  suxmount  pdlefi. 

6,150  insulators,  Cordeaux  pattern. 

4  Hand  rammers,  for  driving  base  piles. 

14  tons  No.  14  hand-drawn  copper  wire,  103  lbs.  to  the  mile, 
840  lbs.  breaking  strain ;  resistance  about  8  ohms  per  mile. 

f  cwt  best  tin  solder }  4  gals,  soldering  solution  in  gallon 
jars. 

250  anchor  plates,  stay-rods,  stay^wires,  clips,  complete, 

for  angle  poles. 

2i  ewt.  No.  18  soft  copper  wire  for  binding  wire  to  insulator, 
i  cwt.  Na»  20  tinned  copper  wire  for  jointing  line  wire. 

1  wire  dynamometer  vice  for  copper  wire, 

» 

ft 

Count  ruct  ion  TooU. 

B  pairs  small-draw  vices  and  keys  for  No.  li  copper  wire. 

2  pairs  devil's  claws, 
2  fire- pots. 

6  8-iu.  cutting-pliers.       •  . 
8  10-in.  flat  bastartl  files. 
6  solderiug-irons,  large, 
2  tool  baskets. 
12  lbs.  lump  sal-ammoniac. 
8  large  hammers. 
2  sledge-hammers. 
6  steel  wedges.       ,  . 

2-ft.  rule.  .    ..  1* 

6  Piclcs,  handled^ 
e^hovels.       '  • 

6  spades.  »  •  »i 

8  jumpers.      '       ■  •  /i'^f- 
2  iron  pnnnons,  handled.  ^ 
2  cifOw^'tes,  steel-point^.    *  ^ 
2  wire-drdmB  aiid  barrows,  light  and  portable. 
8  bill-hooks. 

'  8  15-ft.  wooden  ladders. 
'  8  American  ftses. 

2  hand-saws. 

2  8aw*4ile8, 

2  screw-hammers.  i 
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TelephoBes.  I 

Distance  over  which  good  speaking  is  possible  : — 

» 

KB, 

Overhead  copper  wires  •*      .      .  10,000 

Cables  and  urulerground  .  .  .  8,000 
Overhead  iron  wires       .      .       •  5,000 

where  KR  is  the  product  of  the  Total  Inductive  Capacity  m\ 
the  Total  Conductor  Hosistance  of  the  Line.  If  the  value  ut 
KR  exceeds  the  values  given,  the  speaking  commences  to 
become  difficult. 

Through  uudertrround  Wire  No.  18  Co[)[K^r  and  No.  7J 
Gutta-percha,  the  (}(Hu1-^)C7^k\\^or  limit  is  about  3^1  miles. 

If  the  working  is  carried  on  tlirough  a  looped  wire  with  //»' 
tartli  nsrd.  the  value  KR  (/.r.,  the  capacity  of  the  whole 
length  of  wire  multiplied  by  the  total  resistance  of  the  whok' 
length  of  wire)  must  .be  divided  by  4,  to  give  the  workijig 
value  of  the  loop. 

Lightning  Condnctort . 

Code  op  Rules  for  thk  Erectiox  of  Lightning 
CONDUCTOBS  (Lightniiig  Mod  Coiyfartiiae), 

Paints, — ^The  point  of  the  terminal  shotild  not  be  sharp, 
not  sharper  than  a  cone  of  which  the  height  is  equal  to  the 
radius  of  its  base.  But  a  foot  lower  down  a  copper  ring 
should  be  screwed  and  soldered  on  to  the  upper  terminal,  in 
which  ring  should  be  fixed^  three  or  four  sharp  copper  point  , 
each  about  6  in.  long.  It  is  desirable  that  these  points  be 
platinized,  gilded,  or  nickel-plated,  as  to  resist  oxidation. 

Upper  Terminals. — The  number  of  conductors  or  points  to 
be  specified  will  depend  upon  the  size  of  the  building,  the ; 
material  of  which  it  is  constructed,  and  the  comparative 
height  of  the  several  parts.  No  general  rule  can  be  given  for 
this  ;  but  the  architect  must  be  guided  by  circumstances.  He 
must,  however,  bear  in  mind  that  even  ordinaiy  chimney- 
stacks,  when  exposed,  should  be  protected  by  short  terminals 
connected  to  the  nearest  rod,  inasmuch  as  accidents  often 
occur  owing  to  the  good  conducting  power  of  the  heated  air 
and  soot  in  a  chimney. 

Insulator*, — ^The  rod  is  not  to  be  kept  from  the  building 
by  glass  or  other  insulators,  but  attached  to  it*  by  metal 
fastenings. 
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J^'xhif/.—\lo(\fi  should  preferentially  be  takeii  down  the 
side  of  the  building  which  is  most  exposed  to  rain.  They 
should  be  held  firmly,  but  the  holdfasts  should  not  be  driven 
i  n  so  tightly  as  to  pinch  the  rort,  or  prevent  the  contraction 
a,iid  expansion  produced  by  changes  of  temperature. 

JFactory  Chimneys. — These  should  have  *  a  copper  band 
round  the  top,  and  stout,  sharp,  copper  points,  each  about 
1  ft,  long,  at  intervals  of  two  or  tluree  feet  throughout  the 
circnmference,  ai»d  the  rod  should  be  connected  with  all  bands 
and  metallic  masses  in  or  near  the  chimney.  Oxidation  d 
the  joints  must  be  carefully  guarded  against. 

Ornamental  Ironwarh, — ^AH  vanes,  finials,  ridge  ironwork 
&c.,  shall  be  connected  with  the  conductor,  and  it  is  not  abso- 
lutely necessary  to  use  any  other  point  than  that  afforded  by 
such  ornamental  ironwork,  provided  the  connection  be  perfect 
and  the  mass  of  ironwork  considerable.  As,  however,  there  is 
risk  of  derangement  through  repaii"S,  it  is  safer  to  have  an 
independent  upper  terminal. 

Material  for  Rod, — Copper,  weighing  not  less  than  G  oz.  per 
foot  run,  and  the  conducting  of  which  is  not  less  than  90  per 
cent,  of  that  of  pure  copper,  either  in  the  form  of  tape  or  rope 
of  stout  wires,  no  individual  wire  being  less  than  ISTo.  12  !>.  W. 
C.  Iron  may  be  used,  but  should  not  weigh  less  than  2^  lbs« 
per  foot  run. 

Joints. — Although  electricity  of  high  tension  will  jump 
across  bad  joints,  they  diminish  the  efficacy  of  the  conductor, 
therefore  every  joint,  besides  being  well  cleaned,  ^JCiewed, 
scarfed,  or  riveted,  should  be  thoroughly  soldered. 

Protection, — Copper  rods  to  the  height  of  10  feet  above  the 
ground  sliouid  be  protected  from  injury  and  thcfl,  by  being 
enclosed  iu  an  iron  pipe  reaching  some  distance  into  the 
ground. 

Painting. — Iron  rods,  whether  galvanised  or  not.  should  be 
painted  ;  copper  ones  may  be  painted  or  not  according  to 
architectural  requirements. 

Curvature. — The  rod  should  not  be  bent  abruptly  round 
shar{)  corners.  In  no  case  should  the  length  of  the  rod  between 
two  joints  be  more  than  half  as  long  again  as  the  line  joining 
them.  When  a  stringcourse  or  other  projecting  stonework 
will  admit  of  it,  the  rod  may  be  carried  straight  through, 
instead  of  round  the  projection.  Tn  such  a  case  the  hole 
should  be  large  enough  to  allow  the  conductor  to  pass  freely, 
anil  allow  for  expansion,  ^c. 
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Eaetemire  Massett  of  Metal. — As  far  as  practicable  it  is^ 
desirable  tliat  the  conductor  be  connected  to  extensive  masses  | 
of  metal,  such  as  hot-water  pipes,  c^c.,  both  internal  and 
external  ;  but  it  should  be  kept  away  from  all  soft  metu. 
pipes,  and  from  internal  gras-pipes  of  every  kind.    Bcils  inside 
well-])rotected  spires  need  not  be  connected. 

Earth  Chmnection. — It  is  essential  that  thet  lower  extremity 
of  the  comluctor  be  buried  la  permanently  damp  soil  ;  hence 
proximity  to  rain-water  pipe$,  and  to  drai^B,  is  desirable.  It 
is  a  very  good  plan  to  make  the  conductor  bifurcate  close 
below  the  surface  of  the  ^roundt  adopt  two  of  the  follow- 
ing methods  for  secuiing  the  escape  of  the  lightning  to  earth. 
A  strip  of  copper  tape  may  be  led  from  the  bottom  of  the  rod 
to  the  nearest  gas  or  water  main — not  merely  to  a  lead  pipe— 
and  be  soldered  to  it ;  or  a  ta[)e  may  be  soldered  to  a  sheet  of 
copper  3  ft.  X  3  ft.  and  i\jth  in.  thick,  buried  in  permanently 
wet  earth,  and  surrounded  hy  cinders  or  coke ;  or  many  yar(& 
of  the  tape  may  be  laid  on  a  trench  filled  with  coke,  taking 
care  that  the  sarfaces  of  copper  are,  as  in  previous  cases,  not 
less  than  18  square  feet.  Where  iron  is-nsed  for  the  rod,  a  I 
gabranieed  iron  plate  similar  dimensions  should  be 
employed. 

Inspection. — Ik'fore  giving  his  final  certificate,  the  architect 
should  have  the  conductor  satisfactoril}'  examined  and  tested 
by  a  qualified  person,  as  injury  to  it  often  occurs  uj)  to  the 
latest  period  of  the  works  from  accidental  causes,  and  oftcu 
from  the  caiciessaess  of  workmen. 

Collieries. — Undoubted  evidence  exists  of  the  explosion  of 
fire-damp  in  collieries  through  sparks  from  atmospheric  elec- 
tricity being  led  to  the  mine  by  the  wire  i-opes  of  the  shaft  aud 
the  iron  rails  of  the  galleries.  Hence  the  head-gear  of  all 
shafts  should  be  protected  by  proper  lightning  conductors. 
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ACCELERATING    and  retarding 
forces,  435  ;  rules,  iM 
Accumulators,  523 

 (electrical),  (HO 

Acetic  acid,  2QS 

 etJier,  211 

Adhesive  weight  in  locomotives, 
Admiralty,  knots  and  statute  miles, 
132 

 steel  wire  ropes  for  rigging 

and  hawsers,  3\)8,  322;  iron  chain 
rigging,  402,  40S;  chain  moorings, 
407 

Africa,  weights  and  liieasures  of,  114  ; 

nionev,  1^3 
A^ate,  211 

Air,  compressed,  513  ;  isothermal  ex- 
pansion of,  573;  pressure  and 
volume  of,  514 ;  eftlciency  of  the 
corai)ressor,  525;  flow  through 
liil>es,  515 

—  tramway  engines,  545,  545 

—  transmission  of  power  by,  451 

—  exhausting  blast,  in  ships,  55(1 

—  discharge  of,  work  of,  hoi-sc-power, 
571 

—  expansion  of,  414 

—  flow  of,  in  pipes,  5m ;  in  passages 
of  any  form,  510 

—  in  motion,  509 
--  resistance  of,  to  flat  vanes,  5G9 

—  specific  gravity,  weight  and 
volume,  211 

—  volume,  pressure  and  weight,  lil 
Air- ways,  flow  of  air  in,  570 
Alabaster,  191 

Alcohol,  209^  211  • 
Algeria,  weights  and  measures  of,  174  ; 

money,  1S3 
Alloys  and  amalgams,  density  of. 

184,  182 

—  conducting  i^ower  of,  480, 


4H1 


hardness  of^  4ll,  413^  41fi 
of  coxiper,  strength  of,  ML 


Alum,  12fi 

Aluminium,  185,  217,  221 


brasa,  strength  of,  Slid 


Aluminiumbronze,2l7;strengthofi3C7 
Amalgams,  density  of,  184,  lii2 
  conducting  power  of,  iSfi, 

Amber,  208 

America,  weights  and  measures  of, 

115  ;  money,  183 
Americ^in  standard  wire  gauge,  iia 
Ammoniacal  gas,  211 
Anderson,  Dr.  :  strength  of  steri-o 
metal,  3GB  ;   condensation  of  steam 
in  pipes,  4^51 ;  cooling  of  water  in 
pipes,  464 
Angle  iron,  225 

Angles  at  the  centre  of  polygons,  IM 

 sines  and  cosines  of,  0^  8ii ; 

tangents  and  cotangents,  6,  22 
Animals,  labour  of,  417 
Animal  substances,  specific  gravity 

and  weight,  222 
Anthracite,  1^0,  m  199,  22Q  ' 
Antimony,  1^2177221 
Ai>oenite,  192 

Arabia,  weij^lits  and  measures  of,  llA 
Arcs,  circular,  length  of,  7,  94,  25 ; 
description  of,  Hi 

 semi-elliptic,  length  of,  7,  IM 

Argentine   Republic,   weights  and 

measures  of,  175  ;  money,  1^3 
Argillaceous  earth,  192 
Armengaud  ;  French  standard  bolts 

and  nuts,  282 
Armstrong  hydraulic  machines,  593 
Arnold,  J.  O. :  chemictal  composition 
and  tensile  strength  of  Bessemer 
steel,  3ii2 

Arsenic,  185«  212  . 
Ash,  strength  of,  337 
Ashlar,  19Z  .  ' 

Asia,  weights  and  measures  of,  ITfl ; 

money,  182 
Asphalte,  190,  198^  iSQ 
Atmosphere  of  pressure,  meastu^s  of, 
141 

Atmospheric  exhaustion,  transmis-' 

sion  of  power  by,  452  " 
Australasia,  w(ughts  and  measures  of 

113 ;  money,  li^ 

T  T 
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Australia,  South,  weights  and  mea-  i  Bosjhead  coal,  196,  -200 


sures  of,  113 

Westeni,    weights  and 


measures  of, 
Austria- Hungary,  weights  and  mea- 
sures of,  lliS 


BAGSHAW,  J.  k  Sons :  transiuission 
of  power,  .     .  • 

JJiiUast,  IM 

Balls,  cast-iron,  woiglit,  300 

 equal,  piles  of:  numlH3r  of  balls 

ill  pile,  UIl 
Barium,  211 
iJarley.  2118 

Bars  and  shafts,  torsional  strength  of, 
332.  im ;  cast-iron,  215 ;  wrought- 
iron,  :aM  ;  steel,  3fifi 

Baiytes,  Uil 

Basalt,  m 

Bath-sloue,  IM 

Batteries,  primary*,  6Q2  / 
Beams,  cast-iron,  strength  of,  325, 
344;    steel,    305 ;    timber,  338; 

•  wrought  iron,  3i5 

  deflection  of,  321i ;  of  double- 

flanged  or  hollow  rectangular 
bc^ms,  830 ;  of  uniform  hollow 

•  cyliridncal  beams,  S32 

 of  uniform  strength,  32(j  ' 

 tiuiber,  of    large  scantling, 

transvei*sc  strength  of,  ;  deflec- 
tion, 339 

 transverse  strength  of,  322 

Beans,  Egyptian,  208 

Beech,  2il  .  .  '  '  " 

  strength  of,  337  ' 

Beeswax;  20V 

Belgium,  weights  and  measures  of, 

IM ;  nioncy,  181 
Belt  pulleys,  sjiecd  of,  445  ;  weight  of, 

445 

Bengal,  weightii  and  measures  of,  171 
Bcnier's  hot-air  entrine^  680  i 
Benzine,  209^^211  .  ',  * 

Berkley  :  Indian  woods,  ^ 
Bessemer  st'^cl,  strength  of,       ;  as 
affected  by  chemical  composition, 

Bismuth,  1S5,  217, 221    ,*    '     '  . 
Bitumen,  ISS  —  '  •        -  ' 

Bituminous  coal,  100^        200  ' 
Blast  furnace,  distnbuTioii  of  heat  in, 

Board  of  Trade  :  expansion  of  solids, 

Bodies,  weight  and  volume  of,  211 ; 
speci ftc  gravity  (Stauda^l  d  Pepar t- 
menU,  211        .    '        ■  ,  _ 


Boiler,  Lancashire,    staiidaixl  ib'i 

alii ;  nominal  horse-power,  52t! 
Boilers,  imariDc,  forced  draugJit  : 

 steam,    riveted    joints  it 

strength  of,  3IS 
Boiler-tubes,  lap- welded  iron,  weid' 
:  qT.  258 

Boiling-points  of  liquirls,  478 
Bolivia,  weights  and  measures  of,  111 

money,  1^3 
Bolts  and  nuts,  2S4 

 copper,  strength  of,  3li!i 

Bombay,  weights  and  nicasmes  c 


Bone,  201 

Brass,  185^  187,  217,  219,  it21 

 aluminium,  strength  of,  SOS 

tubes,  seamless,  weight  of. 


312 


small,  weight  of,  5fi3 


— -  strength  of,  MS 

 weight  of  round  bolts  or  roN 

3UQ ;  weight  of  one  square  foot,  ' 
wire,  strength  of, 


Brazil,  weights  and  measures  of,  17^ 

rtioney,  1E3 
Brazing  metal,  3G7 
Bretetou  and  Stouey,   strength  ' 

timber  columns,  338 
Bricks,  109,  217 

 dimensions  and  weight,  1/ 

resistance  of,  to  crush iuK  stK^^ 
872 

Brickwork,  IM ;  resistance  to  cruslii:. 
stress,  312 

 measurement  of,  lii 

English  bHckwork,  126 
 nnisonry,  &c.,  workiu 

loads  on,  3Ili 
Bridge,  Wheatstonc,  599 
Bromine,  211 
Bronze,  185,  187,  217^  221 

 aluminium,  strength  of,  3ir 

 manganese,  strength  of,  Sd; 

 strength  of,  SOs 

Broiighton  Copper  Company,  co^jh: 

and  brass,  21 1) ;  brass  and  coui^r 

tubes,  by,  802,  3M 
Brown  6i   Shai-p,   Ainericau  wirt- 

g:auge  by,  Hfi 
Builder's  measurements,  1 22 
Building  materials   and  structuniN 

average  working  loads  for,  32A 

 ■ — materials,  sundry,  12ii 

Bulb  angles,  iron,  2M  ;  steel,  2^ 

 bars,  iron,  212  ;  steel,  2^ 

 tees,  iron,  279  ;  st^el,^ 

Bullocks,  labour  of,,  ill 
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iurmah,  weights  and  measures  of,  170 
•iirnat,  condensation  of  steam  in 

pipes,  461,  4(i2.  463 
lushel,  standard,  110 :  bushels  of  coal, 

Gutter,  207 

iutterley  Iron  Company  :  rolled  iron 
.ioists,  2li3 ;  iron  angles,  215 ;  iron 
channels,  2Ifi  ;  iron  tees,  211 ;  iron 
l>ulb  bars,  2I1>;  iron  bull)  tees  or 
deck  beams,  iUi ;  iron  bulb  anglt's, 
2SQ  ;  iron  space  or  Z  angles,  2BQ 

CABLES,  electric  light,  (524  ' 
Calcium,  185,  211 
Jamphor.  19(i 

Janaila,  weights  and  niciisures  of,  llii ; 

money,  li>3 
Uandia,  weights  and  measures,  HQ 
Cannel  coal,  19tK  200 
Cantilevers  and  beams  of  miiform 

strength,  32fi 
Cii»acity,   standard    measures  of, 

112 

Cui>e  Colony,  weights  and  measm-es 

of,  174 ;  money,  IM 
Carbonic  acid,  211,  211 

— —  oxide,  211 

Carriage  stock,  Midland  Railway,  M3 
CJisk,  cubic  content  of,  1M>;  ullage 

of;  102 
Ciist-iron  balls,  weight, 

 cylinders,  weight,  294,  2flfi 

Cedar,  strength  of,  337 
Cement,  composition  of,  121  • 
Central  forces,  438 

Centres,  mechanical,  420;  gra^^ty,: 

42Q  ;  gyration,  422 ;  oscillation,  42ii; 

percussion,  421 
Centrifugal  force,  438 

"    ■  immps,  [ihii 

Ceylon,  weights  and  measures  of,  Hfi : 

money,  1^ 
Chains  and  chain-Ciibles,  proportions 

and  strength  of,  4QQ 
Chain-cables,   stud-link,    size.8  and 

strength,  403  ;  «hort  link  cables, 

405.  m 

 ■  moorings,  402 

 pumps,  §52 

Chalk,  m,  217 

ChaniieTviron,  276;  steel,  22i2 
Charcoal.  IW,  200,  201^  4^ 

  -  animal,  2t)2 

Chili,  weights  and  me.i^urcs  of,  17«> ; 

money,  lija  -  - 

Ohimnej'8,  factory,  520 
China,  weights  and  measures  of,  IXO ; 

money,  1£2  ;  •  • 


Chisel  steel,  weight  of,  222    .  - 
Chlorine,  211 
Chloroform,  200,  211 
Chromium,  ISii 

Circle,  circumscribing,  diameter  of,  • 
105  ;  area  of,  105 

 diameter  of,  equal  in  area  to  a 

given  square,  105 

—        se(;tor  of,  area  of,  104 

 zone  of,  area  of,  104 

Circles,  circumferences  and  areas  of, 
1,  2,  8,  32,  104 

Circular  arcs,  length  of,  7^  04.  a5 

— ^ —         segmejits,  areas  of,  7,  98,' 

104  ;  descrii)tion  of,  Ul 

Cisterns  and  tanks,  galvanized 
wrought  -  iron,  cylindrical,  2M I 
rectangular,  2M 

Clark,  D.  K. :  leather  belts,  443 ;  spur- 
wheels,  447  ;  wanning  and  ventila- 
tion, 4Sii;  gas'heating  stoves  and 
ftres,  4M ;  cooking  lahgcs,  4124 ; 
cooking  with  gas,  4Sii 

Claudel,  animal  substances,  specific  •  • 
gravity  and  weight,  207 

Clay,  10«,  im 

Clement,  condensation  of  steam  in 
pipes,  4fiO[       •  - 

Coal,  19(5,  109,  4fi0 ;  heat  of  combus- 
tion"of,  4SS 

  brown,  4Sfi 

—  distillation  of,  668,  aijii 

 specific  heat  of,  416 

  weight  of,  501 

 gas,  487,  55ii;  heat  of  combus- 
tion of,  4S8 

— -  specific  gravity,  weight,  and 
volume,  211 

 weight,  125 ;  sundry  bushels  of 

coal,  125 

Coatings  for  steam  boilers  and  pipes, 

628  .  • 

Cobalt,  185,  217 

Cochin  China,  weights  and  measures 

of,  m 
Coke,  190,  200,  4S6 

Collapsing  resist^mce  of  furnaoc  tubes, 
384  .  • 

Colliery  ton,  125  •  ' 

Colombia,  weights  and  measures  of, 
176;  money,  183 

Coloui*8,  595 

C<»lumns,  cast-iron,  weight  and  safe 

load,  340,  Ml 
— -i  —  long  round  steel,  working 

strength  of.  305 

—  timber,  strength  of,  387 

  ultimate  strength  of,  334, 

337.  340 

 working  loads  oh,  876   -  •  • 
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Combustion,  484 ;  heat  of  combus- 
tion of  fuels,  i8S 

Compass,  points  of,  ^  ' 

Composition  pipe,  SIH 

Compound  marine  engines,  propor- 
tions and  results,  551 

 st^m  eugiucH,  blh 

Compressed  steel,  strenjfth  of,  atiQ 

Concrete,  102 

 blocks,  Portland  cement, 

resistance  of,  to  crushing  stress, 

373 

 composition  of,  i**' 


Conducting  power  of  metals,  470, 48Q ; 
alloys  and  ainitlgtuiis,  480,  481 

 of  solids,  4M 

Conductor,  size  of  (electriwil), 
Conductors,  lightning,  638 
Cone,  surface  of,  IM;  content  of, 
IQS ;  surface  of  frustum,  HQ ;  con- 
tent of  frustum,  HQ 
Conoid,  i)arabolic,  cubic  content  of, 

108;  of  a  frustum  of,  lOa  . 
Convection  of  heat,  4r>9 
Convertors  (electrical),  illl 
Copper,  18i>j  217^  210j,  2iL  '  * 

— i  alloys  of,  strength  of,  867 

  and  brass,  weight  of  round 

bolts  or  rods,  SQQ;  weight  of  one 
square  foot,  301 

 expansion  of,  SSI 

nails  and  rivets,  size  and 


Crossley's  gas-engine,  564;  perform- 
ance, bUh 

Crowns,  segmental,  of  furnaces,  re- 
sistance of,  8S4 
Cuba,  weights  and  measures  of,  177 

Culm,  llli) 

Cupola,  furnace,  distribution  of  heat 
in,  4im 

Current,  electric,  ratio  of,  to  resist- 
ance and  ]>otential  difference,  603 

 induction,  liH 

Curvilineal  ligure,  area  of,  by  Simp- 
son's rule,  106 
Cycloid,  111 ;  epicycloids,  111 
Cylinders,  cast  iron,  weight,  204,  226 

~  hollow,  burating  sti-ength 

of,  3S5 


weight,  314 

strength  of,  ML ;  inilueuce  of 


temperature,  861 

 plate,  strength  of,  367 

 tensile  strength  of,  366 

tubes,  seamless,  weight  of, 


302.  806 

 tul>es,  strength  of,  362 

 wire,  conductivity  of,  632 

soft,  weight  and  resist- 


ance of,  360i  870,  627i  6S2j  hai'd 

copper  wire,  62Q 
Cord  of  wood,  178,  200 
Cords,  wire,  size  and  strength,  222 
Cork,  211 

Corn  and  vegetables,  weight  of,  llii 

  Indian,  2QS 

 weight,  123 

'^Correlative  rates,  137 
Josta-Rica,  weights  and  measures  of, 
177;  money,  1M 
otton,  2QS 

mce-Calvert,  F.,  and  11.  Jehuson  : 
hardness  of  metals,  alloys,  and 
stones,  4H  ;  density  of  alloys  and 
amalgams,  by,  184, 187 
Cranes,  4QQ 

Creosote  engine,  Hargreavea',  56S> 


—  surface  of,  IQI ;  cubic  con- 
tent of,  101 
Cylindrical  shells,  strength  of,  3SQ 

 st^am  boilers,  ends  of, 

strength  Of,  381;  segmental  ends,  382 
Cyprus,  money,  132 


DEBAUVB  :  resistance  of  stone  to 
crushing  stress,  311 ;  resistance 
of  slates,  372 ;  t-ensile  strength  of 
stones,  374  ;  strength  of  Fiench  bar 
iron,  akfi ;  influence  of  temiwature 
on  tensile  strength  of  iron,  3^ ; 
tensile  strength  of  steel  in  relation 
to  carbon,  364 
Decimal  fractions  of  a  squai-e  foot  in 

square  inches,  137 
Deck  beams,  iron,  279 
Deltii  metal,  strength  of,  368 
Demnark,  weights  and  measui-es  of, 

166 ;  money,  181 
Density  of  alloys  and  amalgams,  1 S4, 187 
Diamond,  101 

Dixon  &  Corbitt,  and  R.  S.  Newall 
&  Co. :  >vire  ropes  and  hemp  ropes, 
386,  m,  31)3^  394 ;  wire  cords,  322 ; 
cotton  ropes,  387 ;  Inclined  ways,  3iM) 
Donkin,  B.,  &  Co.:  discharge  of  water 
over  a  tumbling  bay,  590,  591 ; 
Donkin  and  Salter,  521 
Donuan,  Long  &  Co.  :  ix)lled  steel 
joists,  266,  270;  steel  Z  angles, 
280.  281  ;  steel  tees,  2il ;  steel 
channels,  282 ;  steel  bulb  l»ars,  282 ; 
steel  bulb  angles,  282 ;  steel  girders, 
283  ;  steel  bulb  tees,  28i 
Dowson  gas,  564;  performance,  564 
Driving  weight  in  locomotives,  [tM 
Duboul,  strength  of  ropes,  39S 
Dutch  East   Indies,   weights  and 

meaaiu-es  of,  171 ;  money,  182 
Duty  of  pumping  engines, 
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r>3'nainos,  (>12,  filfi ;  series  dyiiamo, 
fil2 ;  shunt  dyuamo,  fil3 ;  sepa- 
rately excited  dynamo,  Uii ;  com- 
pound wound  dynamo,  fiM ;  alter- 
nating current  dynamo,  (UU 


EARTH,  122 
Earth,  argillaceous,  121 

 ,  <*re.s,  &(',.,  measures  of,  by 

Hand  Drill  Company,  122 

stones,  4(C.,  weight  and 


volume,  212 
Kbony,  211 

Ecuador,  weights  and  measures  of, 

117 ;  money,  m 
Egypt,  weights  and  meaBUrea  of,  llA ; 

money,  ll3 
Electric  Ii<;ht  cables,  fi24 

lamps,  iilii  ;  arc  lamps,  613  ; 


incandescence  lamps,  ms 
motors,  02^ 


Electrical  engineering,  ii2I 
 •  propulsion  on 


railways, 
of  i)ower 


513  ;  on  tramways,  [lAH 
Electricity,  transmission 
by, 

Electro-chemistiy,  (>08 
Electro-static,  inductive  or,  capacliv, 

Elliot's  Metal  Comjiany,  weight  of 

copi^or  and  brass,  :jOO,  iMil 
Ellipse.  circumfercTice  of,  125 ;  area 

of,  IM  ;  description  of,  112 

 segment  of,  area  of,  IM 

Elm,  strength  of,  331 

Elmore's  copper  tubes,  strength  of, 

Ends  of  cylindrical  steam  boilei-s, 
strength  of,  3M  ;  segmental  ends, 

English  measures :— of  length,  table 
of,  121  ;  of  surface,  121 :  of  volume 
and  capiicity,  12;^;  buiMers*  mea- 
surement, 122 ;  timber,  123 ;  licpiid 
measure,  12^ ;  old  wine  and  s])irit 
measure,  123;  apothecaries  fluitl 
measure,  124 ;  avoinlupois  weight, 
1J4  ;  Troy  weight,  IM. ;  coal 
weight,  125  ;  hay  and  straw  weight, 
12ik;  com  and  flour  weight,  125; 
timber  measures  for  building  jmr- 
j>u8es,  125 ;  brickwork  measures, 
J  26  ;  tonnage  of  shijis,  127 
money,  182 


Epicvcloid,  exterior,  117 ;  interior, 
IIZ 

Ethers,  209,  -ni 

 ,  acetic,  211 ;  sulphuric,  211 

Eucalyptus,  strength  of,  337 


Europe,  weights  and  measures  of, 

1£5 

Evaporation  of  liquids,  heat  of,  47S 
Expansion  of  copjwr,  iKil 

  of  iron,  6:il 

 of  solids,  408 ;  of  liquids, 

^ ;  of  ga«ips,  illii 


FACTORY  chinmeys,  520 
Fairbairn:  inrtuence  of  temperature 
on  tensile  strength  of  iron,  352 ;  re- 
sistance of  stone  to  crushing  stress, 
870 

Fans,  m  ;  Guibal's,  572 

Fault  testing,  submarine  cables,  (iD5 

Fecula,  208 

Feed-\vat(!r,^  heating,  economy  by, 
522,  523 

Feet,  cubic,  equivalents  in  cubic 

metres.  liiQ 

 ,  equivalents  in  metres,  IM 

 ,  siiuare,  equivalents  in  squan* 

meti*es,  151 
Felspar,  121 

Ferrules  for  boiler  tubes,  2M 
Fyi,  weights  and  measures  of,  173  • 
Fir,  223 
 ,  red,  122 

— -  scantlings  in  commercial  pso,  in 
Fnwice,  141 

 ,  strength  of,  337,  33Sj  3M 

Fire  risks  by  electric  lighting,  pre- 
vention of,  filS 
Fire,  temperature  of  a,  45S ;  heat 
,     radiated  from,  452 
I  Fires,  coal,  warming  rooms  by,  4S2 

!  ,  gas  heating,  424 

Fire-hose  and  nozzles,  discharge  of 
water  through,  582,  580.  587,  588 
;  Firewoml  measure,  Frencii,  145 

Flax,  208 
I  Flint,  121 
Floors,  stairs  and  roofs,  working  loads 

on,  377 
Flour,  weight,  125 

Flow    of    water,    582 ;  discharge 
through  tlie  si<le  of  a  vessel,  580  ; 
flow  in  pilH?s,  581.  582,  5ii5  ;  through 
fire-hose  and  nozzles,  582.  58<J.  5S7 
Forced   draught  in   marine  boiler, 

550;  Fothergill's  system,  551 
Foundations,  working  h).'»ds  on,  375 
I  Fowke  :  British  Guiana,  woods  of, 

225  ;  Jamaica  woods,  225 
I  Framed  girders,  410 
'  Framing,  402 
'  France,  fuels  in,  128 

Franklin  Institute,  standard  bolts 
'     and  nuts,  280 
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Prench  and  English  measures,  ap- 
proximate equivalents,  1(51 

 l»r  iron,  strength  of,  24fi  ; 

plate  iron  and  sheet  iron,  3^ 

metric  weights  and  measures  : 


stnndard  units,  142 ;  lengtli,  143j 
surface,  143 ;  wood,  US ;  oak  scant- 
lings, IM  ;  volume,  lAh  ;  firewood 
measure,  li^ ;  liquid  measure,  145  ; 
dry  measure,  lAh 

 .  money,  liiii 

 standard  bolts  and  nuts,  2tl 


Gas,  oil,  5fi5 

- —  pipes,  iron -welded,  1 

 producer,  f><)5 

 tubes  and  fittings,  bntt-i? 

weight,  2L1 

 ,  small,  weight,  5^2 

water  tubes,  stea^:" 


resistance,  250  ;  rules  for  si* 
weights,  2^0 
Gases  and  vapours,  sj>ecifit 
weight  and  volume,  211 

 ,  expansion  of,  473  :  ofir 

Friction-wheel  gearing,  4iiD  j  ,  s]ieciftc  heat  of,  476 

Frictional  resistance  of  steam  engines,   Gauge,  sheet  and  lioop-iron,  237 
r,-|s  Gauges,  collection    of,  deiH>?it' 

Frigurilic  mixtures,  4Sa  Standards  Office,    by  Sir  U 

Fuels,  4S1»  t     Whitworth,  HQ 

 in  France,  ISS  •  of  railways,  532,  5^ 

 ,  specific  gravity,  weight  and  !  Gearing,  friction- wheel, 

hulk,  200  !  Germany,  weights  and  mt^ism 

Furnace  tubes,  collapsing  resistance  •    liifi ;  money,  ISl 


of,  3M 

Furnaces,  heat  in,  distribution  of, 

 ,  segmental  crowns  of,  re- 
sistance of ,  384  : 
Fusible  plugs,  melting  points  of,  477 


iriALLON,  imperial,  standard  raea- 
VJ   sure  of  capacity,  m ;  volume 

and  weight,  IM ;  U.  S.  gftUon,  139. 

178 

Galvanised     iron     sheets,  tensile 

strength,  351  " 

 wrought-iron  rectangu- 
lar cisterns  and  tanks,  204 

  cylindrical 

cisterns  (Gospel  Oak  Co.),  2i»a 

Galvanising  iron  telegraph  wire,  test 
of  029 

Gas'  coal,  caloritic  value  of.  560^  Ml 

 ,  cond<^nsation  of,  pipe-surface 

required  ff)r,  fifil 

cookers,  distribution  of  heat  in, 


Girders,  22Q. 

•  framed,  410 

 iron  joist :  dimensions : 

safe-loads,  272,  274  ;  steel  m- 
288  ' 

^vrought-iron,  strengtli 


325 

Glass,  19L  211 
 resistance 


of,    to  cnbL- 


stress,  '612 

 specific  heat  of,  475 

strength  of,  869 ;  thin  glo^ 


495 


,  Dowson,  564;  perfonnanoe,  5g4 

—  engines,  565 ;  Crosslfey's  gas 
engine,  5M ;  results  of  trials  of  gas 
engines,  M ;  Griffin's  gas  engine, 
506,  5fil  ' 

— ,  flow  of,  through  i)ipes,  5fi3 

—  heating  stoves  and  lires,  4114 
— ,  illuminating  i>ower  of,  501 

London,   average  composition 


of,  f)59,  [im 
— ,  main  pipes,  cast-iron,  thickness 

of,  liil ;  wrought-iron  pipes,  5fi2 
— -  meters,   connecting  pipes  for, 

252 


369 

Glycerine,  217 
Gneiss,  191 
Gold,  185,217,221 

 alloys,  217 

 wire,  strength  of,  370 

Goods  as  conveyed  by  railway,  K 

and  weight  of,  541 
Goodwin  <&  Howe:  Elmoiv's  cnji* 

tubes,  strength  of,  SOI 
Gospel  Oak  Company :  galvanic 

cisterns  and  tanks,  293,  2Tt4 
Grain,  208  ;  statistiearweight,  -JOS 
Granite,  191, 193,  l(t8, 190,  217 
Grant,  J.  :   resi.stmre  of  coccM^ 

blocks,  373 
Graphite,  191^  m 
Grates  and  stoves, 
Gravel,  199,  his 

Gravity  and  fall  of  boilies,  429  ;  rela- 
tions of  height  of  fall,  velocit  v,  aii<l 
time,  430,  432,  434,  435 

 centre  of,  4211 

Greece,  weights  and  measures  of,  ML 
money,  181 

Greene,  P.  V.:  traction  on  common 
roads,  M8 
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Greenheart,  strength  of,  837 
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Greenwood,  W.  IL  :  strength  of  Whit- 
worth  compressed  steel,  .HHQ 
Grittin's  gas  engine :  perfoniiauce,  567. 

[m  - 

Guatemala,  weights  and  measures  of, 

117;  money,  IM  '       •  - 

Ouibal's  fun,^£^         :  n      -  ■ «:>i 
Gum,  20^  ' 
Gun  metal,  strength  of.JMS  .<'<•..'.  [ 
Oanpowder»  UiL        .  ;  •  •  •  .1 
Gutta-pen^ha,  2<}^         '  -      it  -i  - 
Gwilt :  huildiuK  stones,  IM  / 
Gyration,  centre  of,  420 :  r:ulius;  of, 


HADFIELD'S   manganese  steel, 
sti-ength  of,  asa 
Halsey,  F.  A.  :  friction  (if  air  In  pipe^, 
^78j  loatlicr  belts,  441 ;  tootheU 
wheels,  44iJ  i 
Hardness  of  metals,  alloys,  and  stones, 
.i-41l„416 

•  of  stones,  compumtive.  411} 

Hard  water,  sediment  collected  in  a 

boiler  from,  523 
Harpers  :  transmission  of  i>awer, 
Has  Well  t:iron-welde<l  steam,  gas,  and 


Hienip»  Ac. ,  ropes,  weight  and  strength 

of,  392.  31>4i  8»5,  iiiitL  m. 
Holtaapffers  I^ncashire  gauge,  127. 
131,  L12 

Honduras,  weights  und  mensures  of, 
177:  money,  Ift4!  British  Honduras, 
weiglits  and  measures  of,  117 
Hong  Kong,  weights  and  measures  of, 

111 ;  money,  182 
Hoop-iron,  sheet  and,  gauge,  2IiI 
Hornbeam,  strength  of,  331 
Horse-power  of  niai  iiie  engines,  &^ ; 
;  nominal  horse-power,  QM        -  - 
— ■! '     '    in  various  countries,  521 
on  ships,  549  . 


Horses,  labour  of;  417 
Hot-air  engines,  5M ;  Rider's  engine, 

580  ;  Benier's  engine,  bHQi 
Howell  ^  Co. :  ferrules  for  boiler 

tul)es.  24i) 
Hyilraulii:  cylinders,  bursting  strength 

of,  m. 

 —  lifts,  stoel  columns  for, 

working  strength  of,  3ii5  .  ■ 

  power,  5^)3  - 

 l)ress,  /ii>4 

 ■ —  rams,  551 

 transmission  of  motive 


power,  5114 

water  ])i])es.  252;  lap-welded  steel  |  Hydrogen;  '211,  211  ' 
locomotive  tubes,  24ti  ;  lap-welded  ;  — —;i  light  carbu retted,  211 


t  cliarcool  iron  boiler  tubes,  241 
Hauling,  ropes  for,  sizes. of,  31i7  ' 
Hawkes :  dimensions  ami  weight  of 

bricks,  LM 
Hay,  weighty  125^12^  •<  ;  '     -  - 
Hayti,; weights  and  aieasiures  of.  111 ; 

money,  IM  ,  !  ; 

Heat,  454 ;  units  of,  454 ;  radiation 
of,  453 ;  convection  of,  45ii ;  con- 
ducting power  of  solids.  45ii  : 
— r — .com|>arativo  eiuission  of,  fnim 
steam  ])ipes,  in  air  and  water,  412 

 of  combustion  of  fuels,  4^ 

 of  evaporation  of  liquids,  4Iii 

 in  furnaces,  distribution  of,  4113 

in  gas  cookers,  distribution  of 


Hyperbola,  to  describe,  115 ;  right- 

angletl  hyi>eH>ola.  Ill 
Hyperbolic  logaiithnis  of  nunibei's, 
0,  Ji4 


TCE,  IQI ;  specifU^  heat  of,  475  . 
— ^  voluinc  and  weight.  141 
Inch,  fractions  of,  ciiuivalcnts  in  milli- 

nietresj  150,  151  . 
Inches  in  decimal  fractions  of  a  foot, 
135 

  square,  in  decimal  fmctions 

of  a  square  foot,  131f 
Inclined  plane,  principle  of,  41fl''/  T 

 plaiu»s,  descent  of  bodies  ot)^ 

431 

 •  wayn,  mbistance  on,  387,  3£iQ 

other   mineral    snbsUinccj*.    475;    India   Stores    Department:  chain 


heat  in,  4i)5 
 specillc,  475  ;  of  metals,  475; 


liquids,  4IiJ :  gases,  42ii ;  woods, 

.  tiunsmission  of,  through  n»eUil 

plates  or  tubes,  465,  4ii!2.  4ii7 

Heating  feed  water,  economy  by, 
522.  523 

Helical  stt'jel  spring*,  strength  of,  33ii 
Heiuatiu?  sUiel,  strength  of,  JMl 
Ilenjp  ropes,  transuiission  of  power 
by,  451 


cables,  402,  41iS;  telegraph  wires, 
234 

weights  and  measures  of.  111 ; 


money,  lii2 
Indiarubhdr,  2Q8  ' 
Indigo,  208 

Inductive  or electrost«iticcapacltyvfiQ7 
lo<iine,  211 

Iridium,  217  '  I  / 

Irons,  angle,  weight  of,  227 
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Iron,  bar,  French,  22S 

 cast,  185,  VJ^,  218.  219,  220,  221 

 beains,  streuj^th  of,  li:^ 

 columns,  weight  anil  safe 

load,  340,  a^l 

shafts,  torsional  strength 


of,  343 


strength  of,  339,  344,  345 

 transverse  strength  of,  344 

expansion  of,  <J31 
—  flat  bar,  weight  of,  228 

French  bar,  tensile  strength, 


351  ;  ])late  iron  and  sheet  iron,  3^ 

 malleable  cast,  strength  of,  24Q 

 pole  telegraph,  construction  of, 

materials  and  tools  for,  QM 
—  round,  weight  of,  224 

sheets,     galvanised,  tensile 


strength  of,  351 

 square,  weight  of,  225 

 tee,  weight  of,  221 

 telegraph  wire. 629, 638 ;  strength 

of,  liliQ 

 temperatures  at  irhich  it  is 

worked,  333 

wire,  size,  weight,  and  strength. 


233 


-  strength  of,  369,  370 


 wood,  strength  of,  331 

 wrought,  185,  217,  219,  220,  221 

 bars  or  shafts^  tor- 
sional strength,  354,  E5fi ;  toi'sional 
deflection,  a5d 

strength  of,  •  345  ;  of 


round  bars,  345.  350,  353 ;  of  plates, 
350,  331 ;  influence  of  temperatui-e, 
352 

 weight  of  one  square 

foot,  22ii        •  ■ 
Isherwood  :   evaporating  water  ill 

metal  pots,  AM 
Italy,  weights  and  measures  of,  161 ; 

money,  131 
Ivory,  201 


JAPAN,  weights  and  measures  of, 
112 ;  money,  132 
Jasper,  IM 

Java,  weights  and  measures  of,  HI ; 

money,  1S2 
Joist  girders,  iron  :  dimensions  and 

safe  loads,  272,  214 ;  steel  girdei-s, 

233 
Joists,  220 

 rolled  iron:  safe  loads,  2M; 

dimensions  and  weight,  2li2 ;  bmik- 
ing  loads,  202 

rolled     steel :  dimensions. 


weight,  and  loads,  264^  265,  2Ili 


Joists,  solid  rollei!,  strength  of, 
Jones  :  warming  rooms,  4ill 


KENNEDY,    Colonel:     bulk  and 
weight  of  goods  by  i-ailway,  541 
Kilogrammes,  equivalents  in  pounds, 
134 

Kirkaldy,  D.  :  experiments  on  the 
strength  of  bar- iron,  345 ;  iron- 
plates,  860,  331 ;  strength  of  bar- 
steel,  33fi ;  steel  plates;  360.  361 ; 
strength  of  wirea,  3fia 

Knots  and  statute  miles,  132 

Kollman :  influence  of  tenij>erature 
on  tensile  strength  of  iron,  332 

Krupp  steel,  strength  of,  Ml 


LABOUR  of  animals,  ^ 
Lamps,  electric,  618 ;  arc  lajn])s, 
£lL3  ;  ineandescence  lamps,  613 
Lancashire  steam  boiler :  standani 
data,  31S;  nominal  horse-poircr, 
52Q 

Landore  steel  ])lates,  strength  of,  Sfil 
Larch,  strength  of,  331 
Lard,  207 

Laslett:    on    strength    of  timber 

columns,  338 
Lead,  186,  199,  218,  219,  221 
 pipes  :  solid  drau'n,  length  and 

weight,  311 
— "  sheet :    weight,    31t; ;  French 

practice,  31ii 

 strength  of,  369  ;  lead  pipe,  369 

I^ciither-belts,  driving,  443,  444 
Lever,  principle  of,  417 
Lias,  m 

Liberia,  weights  and  measures  of, 

114 ;  money,  183 
Lifts,  hydraiiiic,  steel  eolunms  for, 

working  strength  of,  3li3 
Lightning  conductors,  ti38 
Li^'nite,  198,  48(4 
Lime,  weight  of,  561 
Limestone,  191,  193,  199 ;  magnesian, 

193  ;  general  composition,  195 
Liquids,  boiling  points  of,  478 

 expansion  of,  472 

 specillc  gra\ity  and  weight, 

209,  213 

specific  heat  of,  47S 


Lithiam,  186 

Lloyd  U  Lloyd  :  lap-welded  wrought 
iron  tubes  for  Artesian  wells, 
weight  of,  248j  lap-welded  iron 
\>\lHis  <»r  tubes  of  laige  diameter, 
weight  of,  24Q 
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Loails,  avei'agc  working,  for  buiUliug 

materials  and  structures,  314 
Loam,  190 

L(Xiomotives  and  tendei-s,  Slil ;  centre 

of  gravity,  5M 
Locomotive  fire-box,  transmission  of 

heat  through,  ASL 
Logarithms    of    numbers,    2^  47; 

hyperbolic  logarithms,  IL  M 
London  zinc  mills  :  zinc  sheets,  321 ; 

strength  of  sheet  zinc, 
liOngraire:  resistance  of  ropes  to 

bending  stress,  aOQ 
liowthian  Bell,  L  :  distribution  of 

heat  in  blast  furnace,  423 


Mercury,  radiating  and  reflecting 
power  of,  ^ 

Metals,  conducting  i>ower  of,  479. 
4SQ;  influence  of  earbcm  on  iron, 
479  ;  influence  of  arsenic  on  copper, 

479 

 hardness  of,  411,  412,  415 

 manufactured,  21I> 

-  specific  gi*avity,  weight  and 


volume, 

 temperature  of  fusion  of,  453 

 weight  and  volume  of,  211 

weights  for  various  dimen- 


sions, 221 
Metal  plates  or  tulxis,  transmission 

of  heat  through,  4^  4<U),  4lil 
Metres,  equivalents  in  cubic  feet  and 
cubic  yards,  153 

equivalents  in  feet  and  yards. 


152 

 square,  e{iuivaliints  in  square 

feet,  in  square  yards,  15il 
Mexico,  weights  and  measures  of, 

III ;  money,  131 
Mica,  m 
>Iilk,  2Qfl 
Mill  gearing,  443 

Miller,  T.  L.  :  trials  of  gas  engines. 

Millimetres,  equivalents    in  lineal 

inches,  IM 
Mineral  substances,  ^'arioU8  :  specific 

gravity,  weight  and  volume,  IM 
Money,  180 


MADAGASCAR,  money,  183 
Madras,  weights  arid  measures 
of,  112 
Magnesian  limestone,  133 
Magnesium,  ISiJ,  21S 
Mahogany,  204  ;  strength  of,  331 
Malleable  cast-iron,  strength  of,  340 
Malta,  weights  and  measures  of,  IM  ; 

money,  132 
Manganese,  186^  218,  221 

 bronze,  strength  of,  3(18 

 steel,  Hadtii'ld's,  strength 

of,  353 

Marble,  192,  195^  199;  general  com- 
position, 195,  213 
Marine  engines,  horse-jwwer  of,  552 

 compound    engines,   propor-  1  xVioorings,  chain,  401 

tions  and  results,  551  j  Morocco,  weights  and  measures  of. 

Marl,  131  175_;  money,  133 

Marshall,  F.  C.  :  weight  of  steam  !  Mortar,  liil 

engines,  551 ;  proportions  and  re-  •  coini>08ition  of,  121 

suits  of  compound  engines,  551       |  Motors,  elective,  (i23 

Masonry,  137  '  Mount  Cenis  tunnel,  loss  of  pressure 

Materials,  strength  of,  322  in  alr-pii>c  mains,  575 

Mauritius,  wfi«;Jits  and  measures  of,   Movement,  definition  of,  411 
114  ;  money,  133      '  '  Mud,  133 

Measures  Brothers  &  Co.:   rolled   Muntz  metal,  strength  of,  3GS 
iron  joists,  200.  202 ;  iron  joist  ;  Mutton,  roast  legs  of,  distribution  of 
girders,  212;   angle  riveted   iron      joint,  435 

girders,  214  j  .    .  • 

Pleasures,  French  and  English,  ap-  i 

proximate  equivalents,        ;  com- 

l)ound  equivalents,  102,  lii4 
Measurement  of  surfaces,  102  ;  solids, 

TOO 

Mechanical    principles,    411 ;  nie- 

chanical  centres,  420 
Melting  jujints  of  alloys  of  lead,  tin, 

and  bismuth,  411 ;  of  metals,  473 ; 

sundry  solids,  413 
Men,  labour  of,  411 
Mereury,  186,  209.  218.  221 


NAILS  and  rivets,  copper :  size  and 
weight,  314 

 iron  or  steel :    sizes  and 

weights,  222 
Naphtha,  203 

Netherhmds,  weights  and  measures 

of.  111!  ;  money,  131 
New    South  Wales,    weights  and 

measures  of,  173 
Newcastle  caking  coal,  133 
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New  Zc  alftinl,  weights  and  measuVes  i  Petroleuiii,  209,  21S,  4S7 

of,  llii  '  Petroleum  oil  engine,  PriestmaL 

Nicaragua,  weights  and  hieasnres  of,  iiiiS 


177  :  money,  184 
Nichol,  B.  G.  :  condensation  of  steam 

in  tubes,  AM 
Nickel,  180.  218,  221 
Nitric  acid,  209,  21S 
Nitrogen,  211,218  •  , 

Nitrous  acid,  'Ml 
Norway,  money,  1S2 


Phosphor  bronze,  strength  of,  S6S 
 [ — r  wire,  stxtngtli 


i  2iiQ 

.Phosphorus.  19S,  21 S 
Piles,  timber,  strength  of,  2^ 
Piue  wov  d,  218  . 
— -  strength  of,  337^  33S,  ^ 

  ■  Pipes,  bare,  cbhdensatioii  ,af  stean 

Nozzles,'discharging  of  water  througli,      in,  460,  a29  ;  in  coated  pii»*?8,  46i, 

!  '-^  coated,  condensation  of  stesin 

.*   '    I     in,  462,  ^ 

I   composition,  EIS 

I  copper,  strength  of,  367:  in- 
fluence of  t.e^ipcrature,  307 
— —  c(M>Ung  of  water  in,  4o4 
— —  flow  of  air  in,  570 
 flow  of  compressed  air  thnmgh,' 


0 


AK,  Ml  204,  218. 

—  scantlings  in  cimimercial  use 
in  France,  IM 

-  strength  of,  337,  338,  332  • 


Oats,  Russian, 

Oil  engines,  ^ ;  Priestnmn  engine, 
performance,  54ki ;  Hargreave's  mo- 
tor, 567,  Q«S  .  :  . 

—  gas,  [iiili 

Oils,  21S  ;  weight  and  speciflc  gravity, 

209,  210 
Olettant  gas,  211 

Or)litic   stones,   IM^  IM ;  general 

Gom^tosition,  }Mh 
Ores,  1112  *  • 

— -  earth,  etc.,  measnres  of,  by 

Rand  Drill  Company,  mi 
Oscillation,  centre  of,  42ii  '•' 
Osmium,  '21^ 
Oxygen,  211,  2lii 


575  ;  loss  of  i)r6ssure  bv  friction. 
577^^ 

r  ^  flow  of  water  in,  581,  582,  &>■'» 

iron  welded,  steaui,  gas,  aiul 


water,  252 

 lead,  solid  tlrawn,  lengtJi  an*!. 


weight,  311 

 lead,  strength  of,  34i3  ' 

mild  steel,  254  ;  weight,  thick- 


ness and  woi'king  pressure,  255 
or  tul>es  of  large  diameter,  lai>- 


\^  elded,  weight  of,  243 

 steam,  com^iamtive  emissi«  !i 

of  lieat  from,  in  air  and  water,  47l' 


coverings  for,  i2i> 


i:)ALLAt)lUM,  21S 

1  alloy,  21S 

 strength  of,  310 

runibcilii,  to  describe,  114 


 steel,  riveted,  weight  of, 

267,  258  ;  lap-welded,  252 

stoneware,  tensile  strength  of. 


water,   cast-iron,    rulciJ  fv' 


tliickness,  65S 


Parabolic  eoiioid,  cubic  content  of,  I  Pipe  surface  for  condensation  of  gas. 
108  ;  of  a  frustum  of,  lOi!  .    Ml   .  .  . 

 spindle,  cubic  content  of,  j  Piping,  screwed  iron  :  Whit  worth  > 

0  •  of  middle  frustum  of,  101}  standard  pitches  of  thrt-ad,  '2^ 


100  , 

Paraguay,  w^eights  and  measures  of, 

177  ;  money,  1S4 
Parallelogram,  area  of,  102 
Pearls,  201 
Peas  *208 

Peat]  202,  4SI ;  condensed  peat,  202 
—  charcoal,  487 


Pistons,  speed  of,  in  puniijing  engine? 
556 

Pitch  of  rivets  for  riveted  joints,  ii^S^ 
Plane  surfac  es,  measurement  of,  102; 

regular  polygons,  103 
Plaster,  198 

IMates,  stayed  flat,  of  steam  boilers. 


Penduluuj,  421  ;  length  of  seconds      strength  of,  383 
pendulum,  428    ;  .  ;  Pliitinum,  186^  218^  221 

Percussion,  centre  of,  421      ,    ►       '  '■  alloys,  21^ 

Persia,  weights  and  measures  of,  113;  '- —  wii-e,  strength  of,  ;iIO 

money,                                        '  Poles,  telegraph,  636 
Peru,  weights  and  measures  of,  ITS;    Polygons,  area  of,  102,  103 
money,  184   regular,  to   inst  iibe.  in  a 
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circle,  10^;  angles  at  the  centre,  i  Railways,  ii2Q;  length,  5311:  capital, 

•  KM  530 ;  passengers,  53Q ;  goods  trafHc, 
Porcelain,  21S  530;  miles  travelled,  53Q;  receipts, 
Portland  cement,  19S  530;  exiienditnre,531 ;  rolling  stock, 
Portugal,  weights  and  mea.sun*s  of,  \  531 

1C7 ;  money,  181 
Potash,  ms  '      .  ; 

Potassium,  im^  218 
Potter's  clay,  UIQ 

  stone,  li>2 

Pouillet,  high  ti'mperat  urea,  45S 
Pounds,  equivalents  in  kilogrammes, 
155 

Pound,  standard,  119  -  * 

Power,  tntnsnnssion  of,  449,  45Q ;  to 
greai  distances, ;  by  hemp  ropes, 

•  451 ;  by  manilla  ropes,  4hl ;  by  wire 
ropes,  451 ;  by  comi»resscd  air;' 451 ; 
by  atmospheric  exhaustion,  452; 
V>y  electricity,  452  , , '   *    ' ' ' 

Pressure,  atmosphere  of,  measures  of, 
141 

Primary  batteries,  609     '     ,     ,  "1^ 
Priming  in  steam,  4illl  '  •  ' 

Principles,  mechanical,  llT  ■ 
.Prism,  surface  of,  IQI ;  cubic  conf en t 
■  of,  101 

Prismoid,  content  of,  110 
Producer  gas,  505 

Pulleys,  belt,  speed  of,  i^  VNVelght 

of,  m 
Pulley,  jirinciple  of,  417 
Pumping  steam  engines,  554 
Pumps,  chain;  552       .,  , 

 centrifugal,  5^6' 

pyramid,  suiface  of,  10£i ;  content  of, 
109 ;  surface  of  frustiun,  110 :  eon- 
tent  of  frustum,  UO  ■ 


 electrical  pnipulsipn  on, 

543  ;  on  tramways,  54!2 
Rams,  hydraulic,  551 
Rand  Drill  C(»mpany  :  friction  in  air- 
pipes,  5Iii ;  measures  of  ores,  earth, 
etc.,  liiii  '  \  r  ' 

Ransonie's  siliceous  ston.^  192    '  ' 
Rates,  correlative,  132 
Receiver  compound  engine,  515,  512. 
Reciprociils  of  numbers,  2^  40        ! ' 
Refrigerating  machinery,  5IlJ 
Regenerating     furnace,  Siemens', 

distril^ution  of  heat  in,  423  ' 
Register  toimage-  of  a  ship,  543  ; 

builders'  measurement,  549 
Re-heating  furnace,  distributicm  of 

heat  in,  493 
Resin,  203 

Resins,  gu  ms.etc. :  weight  and  volniji^, 

Resistances,  electrical,  measurement 
of,  uM ;  low  resistances,  LiOO ;  high 
''  resistances,  liOl  ;  combined  resist- 
ances, 002  ;  electric  light  cables, 

624  , 

Resistance  and  potential  difference, 
.  ratio  of  electric  current  to,  li03 
vf-i — : — —  individual,  of  thret;  or  more 
'  telegraph  wires,  600 

 of  materials,  222  ,  j 

 —of  shii»s,  549 

 —  on  inclined  wavs,  387.  390 

.  on  railways,  ^  53C,  532 

 on  tramways,  544 


Q 


UADRILATERAL,  area  of,  102 
Qiuirtz,  192,  213 


to  traction  on  common 
roads,  543 
Reynaud :  comparative  haixlness  of 

stones,  110 
Rhodium,  213 


if.fi  


Queensland,  weights  and  measiiri's  of.   Rhombus,  urea  of,  102 
113  Rlmmbs,  or  points  of  the  compass,  40 

'  Rider's  hot-air  engine,  530 
Ring,  area  of,  104 

Rivets,   copper ;   size  and  weight, 
314 

EADTAtING  and  reflecting  power    Riveted  joints,  strength  of,  378,  379; 
of  solids,  400  dimensions,  319 

Radiation  of  heat,  459  Hoads,  common,  resistance  to  traction 

Rails,  fonas  of,  for  railways,  581, 534 ;      on,  543 
cost,  534  ;  for  tramways,  544  R<»ck  crystal,  192,  218 

 railway,  transverse  strength  of,    Roofs,  truss,  411 

334  :    worlcing  loads  on,  322 


steel,  constituent  carbon  and   Ropes  for  hauling,  sizes  of,  387 
tninsvei-se  strength  of,  303  ;  tensile  ;   hemp,  ti-ansmission  of  p(»wer 


strength,  303 


by,  451 ;  manilla  ropes,  451 


J  Google 


652  IN] 

Ro})es,heinp,  etc. ,  weight  and  strength 

of,  392,  304,  3i»n^  Sm^  3iil 
 resistance  of,  to  bending  stress, 

 wirt%  iron  and  steel,  weight 

and  strength  of,  380^  391^  392^  395, 
3iM  ;  working  loacTs7387,  388,  302 

 —  wire,  steel,  for  standing  rig- 
ging, ;  for  running  rigging  and 
hawsers,  22Q 

'  Avii-e,  transmission  of  power 

by,  ^ 

Roumania,  weights  and  measures  of, 

liil ;  money,  m 
Rubble,  ISl 

Russia,  weights  and  measures  of,  Uil ; 

money,  1S2 
Ruthenium,  21S 

Rylands  Brothers,  Warrington,  wire- 
gauge  by,  131^  m 


SABICU,  strength  of.  331 
St.  Domingo,  weights  and  mea- 
sures of,  Llii;  money,  IM 
Salt,  198 

Salvador,  weights  and  nicasures  of, 

lis  ;  money,  IHi  . 
Sand,  198,  199,  bis 

Sandstone,  192,  194,  IM;  general 
composition,  lilli 

Sci-ew  bolts  and  nuts :  Whitworth 
system,  284,  285  ;  Sellers  or  Frank- 
lin Institute  system,  284^  2^  ; 
French  standard  bolts  and  nuts, 
281 ;  weights  of  lllQ  hexagonal  head 
bolts  and  nuts,  2SQ ;  weiglits  of  IQQ 
square  head  bolts  and  nuts,  2Si» ; 
weight  and  tensile  strength  of  ordi- 
nary iron  bolts  (Chai)man),  2iiQ 

Screw,  principle  of,  i^Q 

Sea,  temperature  of,  QQA 

 water,  2liii 

 —  expansion  of,  112 

—  weight  and  measure  of,  HI 

Sediment  collected  in  a  boiler  from 
hard  water,  523 

Segments,  circular,,  areas  of,  7,  98, 104 

Selenium,  21fi 

Sellers  standard  screw  threads  of 

bolts  and  nuts,  284,  2Sli 
Semi-elliptic  arcs,Teiigth  pf,  7,  im 
Serpentine,  132 

Servia,  weights  and  measures  of,  108  ; 

money,  1^2 
Shafting,  weight  of,  445  ;  horse-power 

of,  44(),  411 
Shafts  of  mines,  flow  of  air  in,  5Ki ; 

natural  flow,  511 


Shafts,  torsional  strength  j^T,  332.  333 
Shaw,  J.  :  strength  of  ropes,  32^  ' 

Sheet  and  hoop  iron  gauge,  231 
—  lead,  weight,  31il ;  French  prac- 
tice, Slli 

Sheets,    galvanised     iron,  tensile 

strength,  3^ 
Shells,  cylindrical,  strength  of,  3S0 
Ships,  horse-power  on,  §49 

 register,  tonnage  of,  51fi 

 resistance  of,  549 

•  tonnage  of,  121 

Shunts,  iiQ2 

Siam,  weights  and  measures  of,  173: 
money,  182 

Siemen's  regenerating  furnace,  distri- 
bution of  heat  in,  lil3 

 •  steel,  strength  of,  352 

Silver,  186.  218.  221 

 alloys,  218 

 wire,  strength  of,  3ID 

Sines  and  cosines  of  angles,  6,  89 

Slate,  192,  21S 

 resistance  of,  to  rupture,  212 

Sleepers,  for  railways,  531 

Smith,  J.  T.:  tensile  strength  of  steel 
rails  in  relation  to  constituent  car- 
bon, 3ti3 

Snow  and  wind,  \\'eight  and  pressure, 

311 

 volume  and  weight.  111 

Sodium,  186,  21&     '  '  ' 
Solder,  tin,  strength  of,  3li9 

 telegraphic  solder,  fi36 

Solids,  conducting  power  of,  159; 
radiating  and  reflecting  power  of, 

4m 

 ex]mnsion  of,  IfiS 

 mcasui-ement  of,  IM  ;  regular 

solids,  liil ;  area  of  surface,  IQI ; 

contents,  107;  iiTcgular  soli<ls,  con- 
tents, iia 

 speeiflc  heat  of,  475 

South  African  Republic,  weights  an<l 

measiu*ea  of,  175 
Space  or  Z  angles,  iron,  28Q;  4-in.  ; 

steel,  280,  281  | 
Spain,  weiglits  and  measures  of,  Wh ;  ' 

money,  1S2 
Specific  gravity,  weight  ami  volume, 

IM 

Speed  in  miles  per  hour  and  height 

<lue  to  speed,  435 
 of  pistons  of  pumping  engines 

556 

 of  railway  trains,  multipliers 

for,  539 ;  speed  and  time  runnin<' 
one  mile,  54Q 

Si>ermaceti,  201 
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spheres,  equal,  piles  of,  number  of 
balls  in,  IIQ 

 segment  of,  area  of  curve 

surface,  IQl ;  cubic  content  of,  108 
siuface  of,  IQI;  cubic  con- 


tent of,  IQS 

zone  of,  area  of  curve  sur- 


face, IQl ;  cubic  content  of,  IQB 
Spheroid,  cubic  content  of,  IQS  ;  of 

middle  frustum  of,  lilS 
Spindle,  parabolic,  cubic  cont/cnt  of, 

IDS ;  of  middle  fnistuni  of, 
Spirit,  proof,  200. 
Splint  coal,  12Q 

Spring  steel,  composition  and  strength 
of,  :m 

Springs,  steel,  strength  of,  335,  3M 
Square,  area  of,  102 

 inscril)ed,  area  of,  IQh 

 —  roots  and  cube  roots  of  num- 
bers, Ij  8 

side  of,  equal  in  area  to  a 


Steel  beams,  transverse  deflection  of, 

SiiL5 

 chisel,  weight,  222 

 columns,  long,  round,  working 

strength  of,  3fi5 

Committee :  strength  of  round 


given  circle,  IQh ;  side  of  square  in- 
scribed in  a  circle,  length  of,  105 
Squares  and  cubes  of  numbers,  Ij  S 
St.  Gothard  Tunnel,  loss  of  pressure 

in  air  pipe  mains  of,  [lH 
Stairs,  working  loads  on,  377 
Stiirch,  2QS  ' 
Stayed  flat  plates,  of  steam  boilers, 

strength  of,  383 
Steam,  ;  equivalent  weight  from 
and  at  212"  F.,  49C^  table  of  multi- 
pliers, 524 ;  projierties  of  steam,  4i)S 
.  boilers  and  steam  pipes,  cover- 
ings for,  fi2a 

condensation  of,  in  pipes  by 


water  externallyj 

 —  in  bai*e  pipes, 

4<30,  b20 ;  in  coated  pipes,  4(52,  529 
cylinders,  bursting  strength  of. 


385 


engnies 


weight 


with    boilers,  <bc., 
of,  per  indicator 


average 

horse-power,  551 

engines,  503;  work  of  steam  in 


Avrought-iron  bars,  353.  355  ;  bar 
steel,  357,  35S 

composition  of,  356,  359.  362. 


ai23 

 flat  bar,  weight  of,  228 

 hematite,  strength  of,  31il 

 Krupp,  strength  of,  Ml 

manganese,  Hadtteld's,  strength 


Of,  aM» 

 mild,  strength  of,  35S 

— -  ovdl-flat,  A^eight  of,  232 

 Pipe  Company  :  steel  pipes,  254 

t-o  253 

pipes,  mild,  254;  weight,  thick- 


ness, and  working  pressure,  2i 
—  pipes,  riveted,  weight  of,  250^ 
267.  258 ;  lapwelded,  25Q 

plates,  Landore,  strength  of, 


360 


ordinary  sizes,  231 


 rails,  constituent  carbon  and 

transverse  strength  of,  2li3;  tensile 
strength,  3ii3 

 round,  weight  of,  231 

sheets  and  plates,  weight  of, 


spring,  chemical  composition 
and  strength  of,  3112 

 square,  weight  of,  23 Q 

strength  of,  35fi;  round  bars,.. 


357 


tensile  strength  of,  in  relation 
to  carbon,  'Ml ;  l)ebauve,  3lM 

 transverse  strength  of,  M5. 

tubes,  cold  drawn,  dimensions, 


253 


Wlu'twortli  compresscd,strengtli 


of,  360 

wire,  strength  of,  3152 


the  cylinder,  503 ;  effective  mean 
pressures,  507 ;  efficiency  and  fric- 
tional  resistance,  518 

.  '■—  flow  of,  through  pipes,  526 

.  moisture  or  priming  in,  406 

—  pipes,  iron  welded,  252 

 power  on  tramways,  545  ' 

.  ■  Hhii)s,  548 

 tubes,  resistance  and  weight, 

250 

Steel,  IS^.  219.  224 

 bars     or    shafts,  torsional 

strength  of,  366;  torsional  deflec- 
tion, 366 


Sterro  metal,  strength  of,  86S 
Stewart,  A.  &  J. :  weight  of  lapwelded 

tubes,  238 
Stockalper,  E. :  loss  of  pressure  iu 

pipe  mains,  512 
Stones,  artificial,  lii2 

 building,  li>3 

 — '  hanlness  of,  Hii  ^ 

specific  gravitj',  weight  arid 


volume,  101 

 resistance    of   to  crushing 

stress,  370,  311 

  tensile  strength  of,  374 

— walls  and  fcohxmns,  working 
loads  on,  316 
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stoneware  piiHJs,  tensile  strength  of, 

Stoves  and  fires,  gas-heating, 
Straits    Settlements,   weights  and 

measures  of,  113  ;  money,  1B2 
Straw,  431 

 weight,  125 

Strength  of  materials,  322 

Strontium,  21ii 

Stubs'  wir»»  gauge,  12S 

Sugar,  2QS 

Sulphur,  lOS,  2il> 

Sulphuric  acid,  209,  210 

Sulphurous  acid,  211 

Surfaces,  measurement  of,  lOJ;  plane 

surfaces,  1Q2 ;   regular  polygons, 

103;  circle,  104;  ellipse,  105 ;  curvi- 

lineal  figures,  106 
Sweden,  weights  and  measures  of, 

108 ;  money,  182 
Swedish  iron,  strength  of,  348 
Switzerland,  weights  uud  measures 

of,  IfiiJ ;  money,  182 


rPALC,  1112 
i    Tallow,  201 

Tangents  and  cotangents  of  angles, 
22 

Tanks,  galvanized  wrought-iron  rect- 
angular, 2M 
Tar,  209 

Tasmania,  weights  and  measures  of, 

1Z3 
Teak,  212 

 strength  of,  337 

Technical  High  School  at  Prague : 

hardness  of  metals,  fUJi 
Tees,  iron,  2Ili ;  steel,  2iil 
Telegrapli,  iron  pole,  construction  of, 

materials  and  tools  for,  iiSii 

 poles,  63l» 

 wire  (Indian  government), 

•234 ;  line  wire,  235 ;  cable  wire,  23ll 
 . —  soft  cjpper,  0;^7;  hard 

copper,  ii22 
Telegraphic  solder,  fi3!i 
Telegraphy,  031 
Telephone!,  038 

Temperature,  corrections  for  (elec- 
tricity), 003 

 influence  of,  on  strength 

of  wrought-iron :  Fairbaini,  3i2 ; 
Kollraan,  3ii2  ;  Debauve,  3ii3 

—  of  the  sea,  OM 

Temperatures  fit  which  iron  is  worked, 

 high,  4SS;  of  a  fire, 

458  ;  by  fusion  of  metals,  408 
Thallium,  21ii  .    .      •  u 


Thermometers,    4M ;  thennoiiieter 

scales,  A5h 
Thomson,  D. :  cooling  of  brine  and 

other  liquids,  519 
Three-wire  sy.stem  (electrical),  022 
Tiles,  m 

Timber  beams,  of  large  scantling, 

transverse  strength  of,  338  ;  <leflec- 

tion,  339 

 strength  of,  330 

 strongest  section,  123  ;  mei- 

suros  f<^)r  building  purposes,  125 
 columns,  strength  of,   237 ; 

piles,  338 

—  piles,  strength  of,  338 

Tin,  186.  219,  221 

 plates,  sizes  and  weiglits,  318 : 

block  tin  pipes,  319 

 solder,  strength  of,  309 

 ■  strength  of,  309 

Tod :  weight  and  volume  of  bodies 

by,  211 

Tonnage  of  a  ship,  register,  548 
Tools,  cutting,  speeds  of,  595.  590 
Toi-sional  strength  of  bars  and.  shafts, 
332,  333 

Tractive  power  on  railways,  535 
Trains,  railway,  532;  multipliers  for 

speed  of  trains,  5119;  speed  and 

time  running  one  mile,  540 
Tramways,  541 ;  length,  544  ;  capital, 

544 ;  working  stock,  544  ;  receipts 

and  expenses,  544 ;  rails,  544 
Transformers,  Oil 

Transmission  of  power,  449,  450  ;  to 
great   distances,  451  ;   by   hemp  j 
ropes,  451 ;  by  manilla  ropes,  ; 
by  wire  rope,  451 ;  by  compressed  : 
air,  451;  by  atmospheric  exhaus- 
tion, 452;  by  electricity,  452 

 of  motive  power,  hy- 

dmulic,  594 

Trap,  192  ,  ' 

Trapezoid,  area  of,  li!i2 

Trcd^old :  condensation  of  steaui  iu 
pipes,  400  ' 

—   weight  and   volume  of 

various  solids,  199 

Triangle,  area  of,  102 

Trinity  House  couti;acts  for  chain 
cables,  402 

Truss,  409  •  truss  roofs,  411  . 

Tubes,  boiler,  220 

 ferrules  for,  240  , 

 ; —  lap-w^lde<l,    charcoal-  ; 

iron,  241  , 
 iron,  weight  i 

of  ,  238  ' 

 ))ias8,  small,  weight  of,  563 

 .   strength  of,  308 


J  Google 


INDEX. 


6M 


Tubes,  copper,  strength  of,  3151 

 gas,  i'esistaiice,  weight,  '2hl 

 —  si^iall,  weight  of,  .V>3 

- — ^li  on,  wplded.,  for  artesian  wells, 
weight,  of,  248 

of  large  didineter,  or  pipes, 


lap-wclfled,  weight  of,  *2Mi 

seamless   brass,  weight  of, 


310.  ai2 

 copper,  weight  of, 

302.  3M 

steam,  I'esistmce,  and  weight. 


250 


2A& 


steel,  cokl.-drawn,  dimensions, 
 locomotive,  lap-welded, 


25Q 


-  thin,  torsional  strength  of,  333 
W^ter,  rdsistimce  and  weighty 


Tunis,  weights  and  measures  of.  1x5  ; 

money,  m    .  .  '  j  .  ,  '  ' 
Tunnels,  flow  of  air,  570 

Turbines,  ii23   

Turkey,  weights  and  measures  of, 

ICO  ;  money,  1S2 
Turj>eutinc,  ill  .  , 


I'll 


ULtAG^  of  casks,  Ifli) 
United  States  of  America,  weights 
and  measures  of,  llB  ;  money,  ISA 
Units,   electrical,   iiiil ;  electro-me- 
chanical units,  598 
Uruguay,  weights  and  measures  of, 
179 ;  money,  IM 


AT/' AGON-STOCK,  iMidland  Rail- 
Vf     way,  Mli 

Walkers,  Parker  <fc  Co.,  lead  pipes,  311 
Warming  and  ventilation,  iBs.  . 

 rooms  by  hot  water,  Mil ; 

boilers. 491;  4-inch  pipe  required, 491 
I'ooms  by  steam,  li^ii 


Washers,  iron,  288 
Water,  209^  216.  21fl 

 cooling  of,  in  pipes,  4M 

 expansion  and  weight  of,  472. 

473 

  flow  of,  IjBQ. ;  discharge  through 

the  side  of  a  vessel,  QSli;  flow  in 
pipes,  581,  582:  through  fire-hose 
and  nozzles,  582^  586,  ^ 

 head  of,  loss  by  friction,  585, 

588 

heating  and  evaporating,  by 


steam  through  metals,  460. 
— —  measures,  volume  and  weight, 
I3Q  .  ,     .,  ,/ 

measurement  of,  in  a  stream, 


5S9,  m 

 pipes,  iron  welded,  2ii2 

cast-iron,  rules  for  thick- 


YALVE-MOTI0^'S,  50Sj  valve-dia- 
grams, 5Qii;  Zeuner's  diagram, 
,509  ;  rules  for  .  Vfilves,  512  ;  hi]>, 
lead,  and  ti*avet  of  valves,  bVi 
Vegetable  substances,  speci lie  gravity 

and  weight,  2Qii 
Vegetables,  weight  of,  Hfi 
Venezuela,  weights  and  measures  of, 

179  ;  money,  184 
Ventilation,  isS 

Ventilators,  ull  •  f .  i 

Vickers,  T.  E.,  tensile  strength  of  atecl 

in  relation  to  carbon,  Slil 
Victoria  atone, 

 weights  and  measures  of, 

m 

Vieille  -  Montague    Company,  zinc 
sheets,  321 

Vulgar  fractions  of    an    inch    in  '  Wheat,  199j  208 

decimals,  133  I  Whcatstonc  bridge,  iiill 


ness,  558 

— — power,  580,  Ii<12 

pressure  of,  for  given  heads, 


583 


 radiating  and  reflecting  power 

of,  4M  .1  , 

 river,  li»U 

 sea,  202 

 weight  and  measure  of,  141 

specific  heat  of,   at  various 


t.emperatures,  47fi 

 raising  from  deep  wells,  hM 

tubes,  resistance  and  weight, 


2^ 


wlieels,  5112 


Webb  steel,  tensile  strength,  2C4 
Wedge,  content  of,  IID 

 principle  of,  412 

Weights    and    measures,  imperial 

standard,  llfl 
Weipdit  and  volume  of  various  solids, 
1119 

 —  specific  gravity  and  volume, 

Weir,  discharge  of  water  over  a,  589, 
590  ;  tumbling-bay,  590, 

 submerged,    flow    of  water 

through,  5112 
Welding  heat,  353 

Wells,  deep,  raising  water  from,  5^ 
West  Indies,  weights  and  measures  of, 
179 
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Wliecl  and  axle,  principle  of,  ill 
Wheels,  spur,  cast-iron,  weight  of, 

44Z ;  mortice  wheels,  MI ;  bevil, 

447  :  mitre  wheels,  441 
 toothed,  driving  power  of, 

447  ;  horse-power,  44S 
Whitelaw's  water-mill,  523 
Whitham,  J.  M.,  triple  expansio?i 

steanircngines,  51S 
Whitworth  compressed  steel,  strength 

of,  -Ml 

 standaixl  screw  bolts  and 

nuts,  284j  285  ;  standard  pitches  of 
thread  for  screwed  iron  piping,  2SiI 

 Sir  Joseph,  his  standard 

wii-e  gauge,  128^  120. 

 gauges  de- 
posited by  him,  llfi 

Wind,  pressure,  311 

Winds,  high,  velocity  and  pressure, 
5(>9 

Wine,  red,  209,  m 

Wire  gauge,  standard,  American,  119 

 gauges,  121 ;  Birmingham  gauge, 

12S  ;  Stubs  gauge,  12S ;  Whitworth 
wire  gauge,  128,  129;  imperial 
stanrlard  wire  gauge,  129,  132 ; 
Warrington  wire  gauge,  ]31,  132  ; 
Holtzapffel's  Lancashire  gauge,  127, 
131,  Li2 ;  needle  gauge,  132  ;  music 
wire  gauge,  132 ;  Ameiican  wire 
gauge,  119 

 iron,  size,  weight,  and  strength, 

23a 

 rope,  steel,  for  standing  rigging, 

ass ;    for   running    rigging  mid 

hawsers,  322 
 ropes,  iron  and  steel,  weight 

and  strength  of,  '3S^  301,  392^  395, 

395  ;  working  load,  3S7j 

  transmission  of  power  by,  451 

Wires,  strength  of,  3Ij2  ;  influence  6f 

temperature,  370 


Wires,  suspending,  sags  and  tensic'T^ 
for,  m 

 telegraph  (Indian  Govemmcni}. 

2M ;  line-wire,  235  ;  cable-wire,  ^ 
 soft  copper,  621 ;  hari 

copper,  ti22 

 telephone,  627 

Wood,  as  fuel,  AM ;  heat  of  com 

bustion  of,  4ii8 

 cord  of,  178,  2Q0 

 in  France,  scantlings,  143 

Wood- working  machinery,  si»eeds  of, 

595 

Woods,  Indian,  204  ;  British  Guiana, 
205 ;  Jamaica,  20^ ;  New  Soiitli 
Wales,  2Qli 

 specific  gravity  and  weight,  203 

 specific  heat  of,  477 

 weight  and  volume,  214 

Wool,  201 

Wooir,  compound  engine,  515,  517 
Work.  440 ;  units  of  work,  440 ;  work 
in  a  moving  body,  441 


YARD,  standard,  112 
Yards,  cubic,  equivalents  in  cubic 
metres,  1(10 

 equivalents  in  metres,  IM. 

 squiire,    equivalents  ia 

square  metres,  158 


ZANZIBAlt,  money,  1^ 
Zeuner's  valve  diagram,  509 
Zinc,  186,  219,  221 

 "sheets,  V.   M.    gauge,   320 : 

English  gauge,  321 

 strength  of,  3C9  ;  sheet  zinc,  229 

Zone  of  a  circle,  area  of,  104 

— -  of  a  sphere,  cubic  content  of,  lOS 


THE  END. 
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V Power.  IJy  AndxQw  Jumicson^  C.E.,  F.R.S.E. 
I  SeVei^h  edition.    Crown, 8vo;  cloth. .  ..^.00 
,  A  Meohanici\l  Text-Book.   -By  Prof.  Ma c- 
^/quprn  Rankinq  and  E.  F.  Bamber.  C.E.  With 
'  V  ,iil0^icjous  illustrations.    Third  edition.  ^$8.50 

RIPPER,  WILLIAM.  A  Course  of  Instruction 
^j,'iiipIachiAe  Drawing  and  Design  for  Tcchni- 
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•  cal  Schools  and  Engineer  Students.  With  52 
plates  and  numerous  explanatory  engravings, 
i^^olio,  cloth,  17.00 

ROBE^IKG^  3.       Long  aiid  dhosrt  SpaniEtail- 
my  Bridget  inustx^ted  witb  .teiS^  copper- 
'     plate  mjg^vbgs  of  plaiia  ajid  views*  Imperial 

fcuo,  cloth.  .»25.w 

Engineers'  and  Mechanics' 
Coitipflaiidn.  OoniiprlShig  \3.  S.  ^fie^htA  and 
Measures,  MensuratioB  *  of   Buperfices  and 

.  Solids,  Tables  of  Squares  add  Ciibes,  8q:aare 
and  Oube  Boots,  CircumfeteDce  and  AxAb^oI 
Circles,  the.  Mechanical  Powers,  Centres  of 

.  Gravity,  Oi^vitatlon  of  Bodies,  Pendulums^ 
Bpeciflc^Omvifty  of  Bodies,  Strength,  Weight 
;  imd  OrQ^h  of  M^^leriilli,  Wete^oWheete,  Uy- 
drost^ica,  Hydmillios»  Statics,  Ceotees  of  Per* 
cussiQi^  lind  Oycation^  Fnctfaw  Heat,  Tables 
of  the  Weighti .  pf .  Jkletals,.  .Scantling,  etc.. 
Steam,  and  thiet.  Sleacn-S^ipe^  . ISiO^leeBlk 
edition,  revlsedl!  16mQ,  fuirmoFOOco...$l.(X) 

aSI£LDS,  J.  E.   Notes  on '  JEnginpering  Con- 
*  struction.   Embraciug  discusslpns  of  the  prin« 
'  '-  ciples  involved,  and  Descriptions  of  the  Mate? 
'   lial  employed  in  Toihiielling,  Bridging,  Canal 
«nd  Road  Boifding,  etc.  '  ISmo,  cloth,  .fl.M 

6HREVE,  8.  H.   A  Treatise  on  the  Strength  of 
Bridges  and  Roofs.-  CompHs^g,  the  Deter- 
mination bf^Algebraiic  formulas  lor  Strains  in 
t   Horizontal,  InicUn^,  or  Jiafter,  T^^gular, 
.  Bowstrings  Lenticular,  and  other  TVusses,  from 
I  fixed  and  mMng  loads,  with  ptactical  appli* 
o*  cations  and  examples,  for  the  use  of  Students 
.  and  Engineers,    87.  wOodeut  illustrations: ' 
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SHUNK,  W.  F.  The  Field  Engineer.  A  Han- 
dy  Book  of  Practice  in  the  Survey.  Location, 
and  Truck-work  of  Railroads,  containing  a 
large  collection  of  Rules  and  Tables,  original 
and  selected,  applicable  to  both  the  Standard 
and  Narrow  Gauge,  and  prepared  with  special 
reference  to  the  wants  of  the  young  Engineer. 
Ninth  edition.  Revised  and  Enlarged.  12mo, 
morocco,  tucks  $2.50 

SIMMS.  F.  W.  A  Treatise  on  the  Principles 
and  Practice  of  Levelliug.  Showing  its 
application  to  purposes  of  Railway  Engineer- 
ing, and  the  Construction  of  Roads,  etc.  Re- 
vised and  corrected,  with  the  addition  of  Mr. 
Laws'  Practical  Examples  for  setting  out  Rail- 
way Curves.    Illustrated.    8vo,  cloth. . .  $2.50 

SMITH,  ISAAC  W.,  C.E.  The  Theory  of  De- 
flections and  of  Latitudes  and  Departures. 
With  special  applications  to  Curvilinear  Sur- 
veys, for  Alignments  of  Railway  Tracks. 
Illustrated.    16mo,  morocco,  tucks. . .  .$3.00 

STILES.  AMOS.  Tables  for  Field  Engineers. 
Designed  for  use  in  the  field.  Tables  contain- 
ing all  the  functions  of  a  one  degree  curve, 
from  which  a  corresponding  one  can  be  found 
for  any  required  degree.  Alsio,  Tables  of 
Natural  Sines  and  Tangents.  12mo,  morocco, 
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STONEY,  B.  D.  The  Theory  of  Stresses  in 
Girders  and  Similar  Structures.  With  obser- 
vations on  the  application  of  Theory  to  Prac- 
tice, and  Tables  of  Strength,  and  other  prop- 
erties of  Materials.  New  revised  edition,  with 
numerous  additions  on  Graphic  Statics,  Pil- 
lars, Steel,  Wind  Pressure,  Oscillating  Stresses, 
Working  Loads,  Riveting,  Strength  and  Testa 
of  Materials.  8vo,  777  pages,  143  illustrations, 
and  5  folding  plates  $12.50 
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